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ANGIOTENSIN II RgCPPTnP ANTAfinMlfgTg 

Technical Fip^y^ 

This invention relates to compounds and compositions which blocl< 
angiotensin 11 receptors, processes for making such compounds, synthetic 
intemnediates employed in these processes and a method of treating 
hypertension, edema, renal failure, benign prostatic hypertrophy, diabetic 
nephropathy. Alzheimer's disease or congestive heart failure with such 
compounds. The present invention also relates to compositions and a method 
for treating glaucoma, preventing or treating atherosclerosis, preventing or 
treating stroke and treatment of a variety of obesity-related disonjers with such 
compounds. The present invention also relates to compositions and a method 
for treating CNS disorders. 

Backarounri of the invantift n 

Blood pressure is regulated by a multitude of interrelated factors 
involving neural, vascular and volume-related effects. The renin-angiotensin 
system (RAS) is one of the important blood pressure regulating systems. 

The RAS functions as shown in the scheme below. Low renal 
perfusion pressure stimulates the juxtaglomerular cells of the kidney to produce 
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the proteolytic enzyme renin. This enzyme acts on a circulating protein, • 
angiotensinogen, cleaving off a decapeptide angiotensin I. Angiotensin I is 
then cleaved to the octapeptide angiotensin II by angiotensin converting 
enzyme (ACE). Angiotensin II is the most powerful pressor substance in the 
RAS. Angiotensin 11 binds to vascular smooth muscle receptors and induces 
vasoconstriction, but has little or no stimulating action on the heart, 



Renin-Anoiotensin System 

Human 

Angiotensinogen: HaN-Asp-Arg-Val-Tyr-lle-His-Pro-Phe-Hls-LeUiM-He-His- 
Protein 



^ Renin 

Angiotensin I: HaN-Asp-Arg-Val-Tyr-lle-His-Pro-EhfiiHis-Leu-OH 

j)_ ACE 

Angiotensin II: HaN-AsfiiAra-Val-Tyr-lle-His-Pro-Phe-OH 

^ Aminopeptidase 

Angiotensin III: HaN-Arg-Val-Tyr-lle-His-Pro-Phe-OH 

Angiotensinases 

Inactive Fragments 



Inhibitors of renin (for example enalkiren) and inhibitors of ACE (for 
example, captopril and enalaprii) have clinical efficacy in treating hypertension 
and congestive heart failure. ACE inhibitors, however, have reported side 
effects including cough and skin rash. 

Peptidyl and non-peptidyl angiotensin II receptor antagonists are known. 
The peptidyl compound saralasin or [Sarl.Ala^] angiotensin II has been found 
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to be a potent antagonist of the actions of angiotensin II. Saraiasin, however, 
has several disadvantages. Because it is a peptide, saralasin has very poor 
oral bioavailability. The use of saralasin, therefore, is limited to administration to 
hospitalized patients by continuous intravenous infusion. Saralasin is also 
known to cause an initial increase in blood pressure after intravenous 
administration due to its activity as an angiotensin receptor agonist. Therefore, 
non-peptldyl angiotensin 11 receptor antagonists are preferred. 

Disclosure of the Invention 

In accordance with the present invention, there are compounds of the 
formula I: 



D 



E 



G 
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wherein 



(Oacovaientbond. 

(ii)-O-. 

Ofi)-C(O)-. 

0V).CH2-. 

(v).Sr.-S{0)-or-S(0)2-; 

(0 -N(R5)- 

(ii) -O-. 

(iii) -S-, 

fiv)-N(R5)-CH(R5)-. 

(v)-0-CH(R5h 

{vi).S-CH(R5)-. 

(vii)-C(R5')(R5)-CH(R5)-. 

(vlii)-CH(R5)-C(R5')(R5)-. 

{ix)-CH(R5)-N(R5)-. 

(x)-CH(R5)-0-. 

{xi)-CH(R5)-S-. 

(xii).N(R5)-N(R5)-. 

(xlii) -C(R5)=C(R5)- or 
_ (xiv) -CH(R5)-C(R5')(R5)-N(R5)- wherein at each occurrence R5 is 

independently selected from hydrogen, loweralicyl. alkoxy-substltuted 
loweralkyi, halo-substituted loweralkyi, carboxy-substituted loweralkyi, 
heterocyclic-substltuted loweralkyi, alkenyl, alkynyl, cycloalkyi or 
cycloalkyialkyi and R5' is hydrogen, halo, hydroxy, carboxy, alkoxy or 
thioalkoxy; 



L, L', M and M' are independently selected from 
(i) hydrogen. 
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(ii) loweralkyi, 



(iii) halo-substituted loweralkyi, 

(Iv) halo, 

(V) -CN. 

(vi)-N02. 

(vli)-OH, 

(viii) hydroxy-substituted loweralkyi, 

(ix) alkoxy-substltuted loweralkyi, 
(X) -NH2. 

(xi) aikylamino, 

(xii) dialkylamino. 

(xiii) -SH, 

(xiv) aikoxy and 

(xv) thioaikoxy; 

Ri and RV are independently selected from 
(i) tetrazolyl, 



(iv) -NH-C{=N(R50a))(R5ia) wherein Rsoa is hydrogen. -CN or-NOa and 




(iii) 




OH 
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Rsia is hydrogen, loweralkyi, alkylamino, dialkylamino, alkoxy or 
thioalkoxy, 

(v) -NH(R5ib) wherein Rsib is a 5-membered aromatic heterocyclic 
ring wherein the heterocyclic ring contains 1, 2, 3 or 4 nitrogen atoms 
or 1 nitrogen atom and 1 oxygen atom or 2 nitrogen atoms and 1 
oxygen atom or 1 oxygen atom and 1 sulfur atom and wherein the 5- 
membered heterocyclic ring Is unsubstltuted or susbstltuted with a 
substltutent selected from amino, all^lamlno. dialkylamino, hydroxy, 
alkoxy. thioalkoxy. halo, loweralkyi and halo-substituted lowerall^l, 

(vl) -C00R6 or-CHzCOORe wherein Re is hydrogen or a carboxy- 
protecting group or 

(vil) -NHS(0)2R7 or -CH2NHS(0)2R7 or -NHC(0)R7a or 

-CH2NHC(0)R7a wherein Ry Is loweralkyi. halo-substituted 
loweralkyi or -NRTbRyc wherein Ryb and Rjc are Independently 
selected from hydrogen and loweralkyi and R7a Is loweralkyi, halo- 
substltuted loweralkyi. amino, alkylamino. dialkylamino or-COOH; 

(viil) -C(O)NR50R51 or-CH2C(O)NR50R51 or -NHC(0)NR50R51 
or -CH2NHC(O)NR50R51 or.NHC(S)NR5oR5l or 
-CH2NHC(S)NR5oR51 wherein R50 and R51 are Independently 
selected from hydrogen, loweralkyi, hydroxy, alkoxy. hydroxy- 
substituted loweralkyi, alkoxy-substituted loweralkyi, alkoxy- 
substltuted alkoxy and -S(O)2R50a wherein Rsoa is loweralkyi or 
aryl, or R50 and R51 taken together with the nitrogen atom to which 
they are attached form a 5- to 7-membered aliphatic heterocycle; 

(Ix) -CH2OR52 wherein R52 is selected from hydrogen, loweralkyi and 
-C{0)R53 wherein R53 is hydrogen, loweralkyi or aryl; 

(x) -CH{OH)R52a or -C(0)R52a wherein R52a is loweralkyi, halo- 
substituted loweralkyi, -CF2COOR53a or -CHzCOORssa 
wherein Rssa is hydrogen or a carboxy-protecting group, 

(xii) -CH2NR54R55 wherein R54 Is selected from hydrogen, loweralkyi, 
-C(0)R56, -C(0)NR56R57 and -S(0)2R58 wherein R56 is selected 
from hydrogen, loweralkyi and aryl and R58 is selected from lower 
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alkyl and halo-substituted loweralkyl and wherein R55 and R57 are 
independently selected from hydrogen, loweralkyl, hydroxy and 
alkoxy; 

(xiii) -SO3H, -OSO3H or -CH2SO3H, 

(xiv) -OPO3H2, -PO3H2 or-CH2P03H2. 

(xv) -SO2NR50R51 or -CH2SO2NR50R51 wherein R50 and R51 
are defined as above and 

(xvi) -C(O)NHSO2R60. -C(O)NHC(O)R60 or -C(O)NHNHSO2R60 wherein 
Reo is loweralkyl, halo-substituted loweralkyl or aiyl; 

with the proviso that one of Ri and Ri' Is hydrogen, but Ri and Ri' are not both 

hydrogen; 

and 

Dis 

0) a bicyclic heterocycle comprising a 6-membered ring fused to a , 
5-membered ring, the bicyclic heterocycle comprising at least one 
heteroatom selected from N. O and S; the 6-membered ring of the bicyclic 
heterocycle comprising 0, 1 , 2 or 3 nitrogen atoms or 1 nitrogen atom and 1 
oxygen atom or 1 nitrogen atom and 1 sulfur atom or 1 oxygen atom and 1 
sulfur atom or 2 oxygen atoms or 2 sulfur atoms or 1 oxygen atom or 1 sulfur 
atom, the remaining ring atoms being carbon atoms and the 6-membered 
ring comprising 0, 1 , 2 or 3 double bonds; the 5-membered ring of the 
bicyclic heterocycle comprising 0, 1, 2 or 3 nitrogen atoms or 1 nitrogen and 
1 oxygen atom or 1 nitrogen and 1 sulfur atom or 1 oxygen atom and 1 sulfur 
atom or 1 sulfur atom or 1 oxygen atom, the remaining ring atoms being 
carbon atoms and the 5-membered ring comprising 0, 1 or 2 double bonds; 
the nitrogen atoms of the bicyclic heterocycle can be substituted with a 
substituent R2 wherein at each occurrence R2 is independently selected 
from hydrogen, loweralkyl, carboxy-substituted loweralkyl or alkoxycarbonyl- 
substituted loweralkyl; the nitrogen atoms of the bicyclic heterocycle can be 
oxidized; one or two carbon atoms of the bicyclic heterocycle can be 
substituted with an 0x0 (=0) substituent and the sulfur atoms of the bicyclic 
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heteroc/cie can be substituted with one or two oxo (=0) substituents; the 
bi^ciic heterocycle can be substituted with one, two or three substituents 
independently selected from R3 and R4. R3 being bonded to a carbon atom 
or a nitrogen atom of the bicyclic heterocycle and R4 being bonded to a 
carbon atom or a nitrogen atom of the bicyclic heterocycle, wherein 

Rsis 

(i) hydrogen, 

(ii) loweralkyi, 

(iii) halo, 

(iv) halo-substituted loweralkyi, 

(v) thioalkoxy, 

(vi) alkoxy-substituted loweralkyi, 

(vii) thioalkoxy-substituted loweralkyi. 
(wii) aryl, 

Ox) arylalkyi, 

(x) -N02. 

(xi) -COORe wherein Rg is hydrogen or a carboxy-protecting group, 

(xii) -ORg wherein Rg is hydrogen, loweralkyi, halo-substituted 
loweralkyi, aryl. arylalkyi. heterocyclic-substituted loweralkyl-or 
-C(0)Rio wherein Rio is loweralkyi. halo- substituted loweralkyi. 
-PO3H2 or-NRiiRi2 wherein Rn and R12 are independently selected 
from hydrogen and loweralkyi and 

_ (xiii) -NR13R14 or -CH2NR13R14 wherein R13 and R14 are 
independently selected from (1 ) hydrogen, (2) lower 
alkyi, (3) arylalkyi. (4) -C(0)Ri5, (5) -S(0)2Ri5 wherein R15 is 
loweralkyi or halo- substituted loweralkyi and 
(6) -R16-R17 wherein Rie is alkylene and R17 is 

(a) -NR18R19 wherein Ris and R19 are independently 
selected from hydrogen and loweralkyi or 

(b) unsubstituted or loweralkyi substituted aziridinyl, 
azetidlnyl, pyrrolidinyl. piperidinyl. piperazinyl, 
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morpholinyl, thiomorpholinyl, pyridinyl or pyrimidinyl, 
or Ri 3 and Ri 4 taken together with the nitrogen atom to 
which they are attached form a 5- to 7-membered aliphatic 
heterocycle and 

R4 is 

(i) hydrogen, 
(11) loweralkyi, 

(iii) halo-substituted loweralkyi, 

(iv) -CN, 

(v) -N02. 
(vl) -NH2. 

(vii) -NH-C(=N(R25a))(R26a) wherein Rasa is hydrogen, -CN or -NO2 and 
R26a is hydrogen, ioweralkyi, alkylamino, dialkylamino, alkoxy or 
thioalkoxy, 

(viii) -NH(R26b) wherein R26b is a 5-membered aromatic heterocyclic 
ring wherein the heterocyclic ring contains 1 , 2, 3 or 4 nitrogen atoms 
or 1 nitrogen atom and 1 oxygen atom or 2 nitrogen atoms and 1 
oxygen atom or 1 oxygen atom and 1 sulfur atom and wherein the 5- 
membered heterocyclic ring is unsubstituted or susbstituted with a 
substitutent selected from amino, alkylamino, dialkylamino, hydroxy, 
alkoxy, thioalkoxy, halo, Ioweralkyi and haio-substituted Ioweralkyi, 

(ix) -CHOor-CH(=N-OH), 
_ (x) tetrazolyl, 

(xi) -NHS(O)2R20 or -CH2NHS(O)2R20 or -NHC(0)R21 or 
-N(0H)C(0)R2i or-CH2NHC(0)R2i or-CH2N(OH)C(0)R21 wherein 
R20 is Ioweralkyi, halo- substituted Ioweralkyi or-NR27aR27b wherein 
R27a and R27b are independently selected from hydrogen, -OH and 
Ioweralkyi and R21 is Ioweralkyi, halo-substituted Ioweralkyi, amino, 
alkylamino, dialkylamino or -COOH, 

(xii) -CH(OH)R22 or -C(0)R22 wherein R22 is Ioweralkyi. halo- 
substituted Ioweralkyi, -CF2COOR23 or -CH2COOR23 
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wherein R23 is hydrogen or a carboxy-protecting group, 

(xiii) -COOR24 or -CH2COOR24 wherein R24 is hydrogen or a 
carboxy-protecting group, 

(xiv) -C(0)NR25R26 or -CH2C(0)NR25R26 or -NHC{0)NR25R26 
or -CH2NHC(0)NR25R26 or-NHC{S)NR25R26 

or -CH2NHC(S)NR25R26 wherein R25 and R26 are 

independently selected from hydrogen, loweralkyi, 

hydroxy, alkoxy, hydroxy-substituted loweralkyi, 

aikoxy-substituted loweralkyi, aikoxy-substituted 

alkoxy and -S(0)2R28a wherein R28a is loweralkyi or aryl. or R25 and 

R26 taken together with the nitrogen atom to which they are attached 

form a 5- to 7- membered aliphatic heterocycle; 

(xv) -CH2OR27 wherein R27 is selected from hydrogen, 
loweralkyi and -C(0)R28 wherein R28 is hydrogen, 
loweralkyi or aryl; 

(xvi) -CH2NR29R30 wherein R29 is selected from hydrogen, 
loweralkyi, -C(0)R31 , -C(0)NR3i R32 and -S(0)2R33 
wherein R31 is selected from hydrogen, loweralkyi and 
aryl and R33 is selected from loweralkyi and halo- 
substituted loweralkyi and wherein R30 and R32 are 
independently selected from hydrogen, loweralkyi, 
hydroxy and alkoxy; 

(xvii) -SO3H, -OSO3H or-CH2S03H, 
_ (xviii) -OPO3H, -PO3H2 or-CH2P03H2, 

(xix) -SO2NR25R26 or -CH2SO2NR25R2S wherein R25 and R26 

are defined as above and 
(XX) -C(0)NHS02R59. -C(0)NHC(0)R59 or -C(0)NHNHS02R59 

wherein R59 is loweralkyi, halo-substituted loweralkyi or 

aryl; 

orDis 



(ii) a bicyclic heterocycle comprising a 5-membered ring fused to a 
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5-membered ring, the bicyclic heterocycle comprising at least one 
heteroatom selected from N. O and S; each of the 5-membered rings of the 
bicyclic heterocycle independently comprising 0, 1 , 2 or 3 nitrogen atoms or 
1 nitrogen and 1 oxygen atom or 1 nitrogen and 1 sulfur atom or 1 oxygen 
atom and 1 sulfur atom or 1 sulfur atom or 1 oxygen atom, the remaining ring 
atoms being carbon atoms and each of the 5-membered rings 
independently comprising 0, 1 or 2 double bonds; the nitrogen atoms of the 
bicyclic heterocycle can be substituted with a substituent Rz wherein at each 
occurrence R2 is independently selected from hydrogen, loweralkyi, 
carboxy-substituted loweralkyi or alkoxycariDonyl-substituted loweralkyi; the 
nitrogen atoms of the bicyclic heterocycle can be oxidized; one or two 
cartDon atoms of the bicyclic heterocycle can be substituted with an 0x0 (=0) 
substituent and the sulfur atoms of the bicyclic heterocycle can be 
substituted with one or two 0x0 (=0) substituents; the bicyclic heterocycle 
can be substituted with one or two substituents independently selected from 
R3 and FU. R3 being bonded to a carbon atom or a nitrogen atom of the 
bicyclic heterocycle and R4 being bonded to a carbon atom or a nitrogen 
atom of the bicyclic heterocycle, wherein R3 and R4 are defined as above; 

or D is 

(iii) 




wherein R3 and R4 are defined as above; 

or a pharmaceutically acceptable salt or prodrug thereof. 
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Preferred compounds of the invention are compounds wherein D is a 
substituted purinyi group, a substituted pyrazolopyrimidinyl group, a substituted 
triazolopyrimidinyi group, a substituted thlazolopyrimidinyl group, a substituted 
oxazoiopyrimidinyl group, a substituted pyrrolopyyrimidinyl group, a substituted 
thtenopyrimidinyl group, a substituted furopyrimidinyi group, a substituted 
benzofuranyl group, a substituted isoxazolopyridinyl group or a substituted 
pynrolopyridlnyl group. 

Representative bicyclic heterocycle substituents of the compounds of this 
invention are: 
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and the like. 

The term "loweralkyi" as used herein refers to branched or straight chain 
alkyi groups comprising one to ten carbon atoms, including methyl, ethyl, 
propyl, isopropyl, n-butyl, t-butyl, neopentyl and the like. 

The term "alkenyr as used herein refers to a branched or straight chain 
comprising two to ten carbon atoms which has one or more carbon-carbon 
double bonds, including vinyl, propenyl, butenyl and the like. 

The term "alkynyl" as used herein refers to a branched or straight chain 
comprising two to ten carbon atoms which has one or more carbon-carbon triple 
bonds, including ethynyl. propynyl, butynyl and the like. 
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The term "cycloalkyi" as used herein refers to an alicyciic group / 
comprising from 3 to 7 carbon atoms, including cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl and the like. 

The term "cycloali<ylaikyl" as used herein refers to a loweraikyi radical to 
which is appended a cycloalkyi group, including cyciopentylmethyl, 
cyclohexylmethyl and the like. 

The term "all^lene" as used herein refers to a 1 to 10 carbon straight or 
branched chain di-radical, including -CH2-, 
-CH(CH3)-. -CH2CH2CH2-. -CH(CH3)CH2CH2- and the like. 

The term "halo-substituted loweraikyi" refers to a loweraikyi radical in 
which one or more of the hydrogen atoms are replaced by halogen, including 
chloromethyl, fluoroethyl. trifluoromethyl, pentafluoroethyl and the like. 

The term "hydroxy-substituted loweraikyi" refers to a loweraikyi radical to 
which is appended one or two hydroxy (-0H) groups. 

The term "halogen" or "halo" as used herein refers to I, Br, CI or F. 

The term "alkoxy" refers to R34O- wherein R34 is a loweraikyi or benzyl 
group. Representative examples of alkoxy groups Include methoxy, ethoxy, t- 
butoxy, benzyloxy and the like. 

The term "thioalkoxy" as used herein refers to R35S- wherein R35 is a 
loweraikyi or benzyl group. " - 

The term "alkoxy-substituted loweraikyi" as used herein refers to a 
loweraikyi radical to which is appended an alkoxy group. 

The tenn "thioalkoxy-substituted loweraikyi" as used herein refers to a a 
loweraikyi radical to which is appended a thioalkoxy group. Representative 
thioalkoxy-substituted loweraikyi groups include 

methylthiomethyl, methylthioethyl, ethylthloethyl, propylthiomethyl and the like. 

The term "hydroxy-substituted loweraikyi" as used herein refers to a 
loweraikyi radical to which is appended one or two hydroxy (-0H) groups; 

The term "carboxy-substituted loweraikyi" as used herein refers to a 
loweraikyi radical to which is appended a carboxy group (-COOH), including 
carboxymethyl, carboxyethyl and the like. 
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The term "alkoxycarbonyl" as used herein refers to -C{0)OR36 wherein 
R36 is a carboxy-protecting group. 

The term "alkoxycarbonyl-substituted loweralkyl" as used herein refers to 
a ioweralkyi radical to which is appended an alkoxycarbonyl group. 

The term "alkoxy-substituted aikoxy" as used here refers to an alkoxy 
radiaci to which is appended another alkoxy radical, including 
methoxymethoxy, methoxy ethoxy, ethoxyethoxy and the like. 

The term "alkylamino" as used herein refers to -NHR37 wherein R37 is a 
loweralkyl group. 

The term "dialkylamino" as used herein refers to -NR38R39 wherein R38 
and Rag are independently selected from loweralkyl. 

The term "alkanoyloxyalkyl" as used herein refers to a loweralkyl radical 
to which is appended -OC(O)R40 wherein R40 is loweralkyl. 

The temi "aroyloxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended -0C(0)R4i wherein R41 is aryl. 

The temi "alkoxycarbonylalkyl" as used herein refers to a loweralkyl 
radical to which is appended an alkoxycarbonyl group. 

The term "alkoxycarbonyloxyalkyr as used herein refers to a loweralkyl 
radical to which is appended -OC(0)OR42 wherein R42 is loweralkyl or 
cycloalkyl. 

The term "alkoxycarbonylaminoalkyl" as used herein refers to a 
loweralkyl radical to which is appended -NHC(0)0R43 wherein R43 is 
loweralkyl. 

_The term "alkylaminocarbonylaminoalkyl" as used herein refers to a 
loweralkyl radical to which is appended -NHC(0)NHR44 wherein R44 is 
loweralkyl. 

The term "alkanoylaminoalkyl" as used herein refers to a loweralkyl 
radical to which Is appended -NHC{0)R45 wherein R45 is loweralkyl. 

The term "heterocyciiccarbonyloxyaikyr as used herein refers to a 
loweralkyl radical to which is appended -OC(0)R46 wherein R46 is a 
heterocyclic group. 
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The term "aryl" as used herein refers to a phenyl or a Cg or Cio bicyclic 
carbocydic ring system having one or more aromatic rings, including naphthyl, 
tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups can be 
unsubstituted or substituted with one. two or three substituents independently 
selected from loweralkyl. halo-substituted loweralkyi, alkoxy. thioalkoxy. 
alkoxycarbonyl, hydroxy, halo, mercapto, riitro, amino, alkylamino, dialkylamino, 
cart}oxaldehyde. carboxy and carboxamide. 

The tenn "arylalkyl" as used herein refers to a loweralkyl radical to which 
is appended an aryl group. Representative arylalkyl groups include benzyl, 
phenylethyl, fluorobenzyl, fluorophenylethyl and the like. 

The term "aliphatic heterocycle" as used herein refers to a saturated 
cyclic group containing 5 to 7 ring atoms and, in particular, at least 1 nitrogen 
atom in the ring and optionally 1 additional heteroatom selected from S. S(0)2. 
O and N, with the remaining ring atoms being carbon atoms. The ring can be 
substituted on a cariDon atom or a heteroatom, for example, with loweralkyl, 
alkoxy or alkoxy-substituted alkoxy. Representative aliphatic heterocycies 
Include, pyrrolidine, piperidine, piperazine, morpholine. thiomorpholine, S,S- 
dioxothiomorpholine, 

4- methoxymethoxypiperidine and the like. 

The temi "heterocyclic group" or "heterocyclic" as used herein in the 
context of the terms "heterocyclic-substituted loweralkyl" and "5- to 7-membered 
aliphatic heterocycle" refers to any 3- or 4-membered ring containing a 
heteroatom selected from oxygen, nitrogen and sulfur, or a 5-, 6- or 7- 
membered ring containing one, two or three nitrogen atoms; one nitrogen and 
one sulfur atom; or one nitrogen and one oxygen atom; wherein the 

5- membered ring has 0-2 double bonds and the 6- or 7-membered ring has 0-3 
double bonds; wherein the nitrogen and sulfur heteroatoms can optionally be 
oxidized; wherein the nitrogen heteroatom can optionally be quatemized; and 
including any bicyclic group in which any of the above heterocyclic rings is 
fused to a benzene ring or another 5-, 6- or 7-membered heterocyclic ring 
Independently as defined above. Heterocyclics include indolyl, quinolyl, 
isoquinolyl, tetrahydroquinolyl, benzofuryl, benzothienyl, azetidinyl, 
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pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, Imidazolyl, 
imidazollnyl, imidazolidinyl, pyridyl, pfperidinyl, pyrazlnyl, piperazinyl, 
pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, 
morpholinyl, thiomorpholinyl, thiazolyl, thiazolidinyl, Isothlazolyl, 
isothlazolidinyl, indolyl. quinolinyl, isoquinolinyl, benzlmidazolyl, 
benzothlazolyl, benzoxazolyl, furyl, thienyl, triazolyl, benzothienyl, 
homopiperazinyl, homopiperidinyl, homomorpholinyl and the like. 

Heterocyclics can be unsubstituted or monosubstituted or disubstltuted 
with substitutents independently selected from hydroxy, halo, oxo (=0), amino, 
alkylamino, dialkylamino, alkoxy, thioalkoxy, caiboxy, alkoxycarbonyl, 
loweralkyi, cycloalkyi, -OSO3H and halo-substituted loweralkyl. 

The temi "heterocyclic-substltuted loweralkyl" as used herein refers to a 
lowerailqrl radical to which is appended a heterocyclic group. 

The temi "N-protecting group" or "N-protected" as used herein refers to 
those groups intended to protect an amino group against undersirable reactions 
during synthetic procedures. Commonly used N-protecting groups are 
disclosed in Greene, "Protective Groups In Organic Synthesis," (John Wiley & 
Sons, New York (1981)). which is hereby incorporated by reference. N- 
protecting groups comprise carbamates, amides, N-alkyI derivatives, amino 
acetai derivatives, N-benzyl derivatives, imine derivatives, enamine derivatives 
and N-heteroatom derivatives. Preferred N-protecting groups are fomnyl, acetyl, 
benzoyl, pivaloyl. phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boo), 
benzyloxycaibonyl (Cbz) and the like. 

_ As used herein, the term "carboxy-protecting group" refers to a carboxy 
group which has been esterified with one of the commonly used carboxylic acid 
protecting ester groups employed to block or protect the carboxylic add 
functionality while the reactions involving other functional sites of the compound 
are carried out. Carboxy-protecting groups are disclosed in Greene, "Protective 
Groups in Organic Synthesis" pp. 152-186 (1981), which is incorporated herein 
by reference. In addition, a carboxy-protecting group can be used as a prodmg 
whereby the carboxy-protecting group can be readily cleaved in vivo , for 
example by enzymatic hydrolysis, to release the biologically active parent. T. 
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Higuchi and V. Stella provide a thorough discussion of the prodrug concept in 
"Pro-drugs as Novel Delivery Systems", Vol 14 of the A.C.S. Symposium 
Series, American Chemical Society (1975). Such carboxy-protecting groups 
are well known to those skilled in the art, having been extensively used In the 
protection of cariDoxyl groups In the penicillin and cephalosporin fields, as 
described in U.S. Pat. No. 3,840,556 and 3,719,667, the disclosures of which 
are incorporated herein by reference. Examples of esters useful as prodrugs for 
compounds containing carboxyl groups can be found on pages 14-21 of 
"Bioreversible Carriers in Dmg Design: Theory and Application", edited by EB. 
Roche. Pergamon Press:New Yorit (1987). Representative cartjoxy-protecting 
groups are Ci to Cs alkyi (e.g., methyl, ethyl or tertiary butyl and the like), 
benzyl and substituted derivatives thereof such as alkoxybenzyl or nitrobenzyl 
groups and the like, dialkylaminoalkyi (e.g., dimethylaminoethyl and the like), 
alkanoyloxyalkyi groups such as pivaloyloxymethyl or propionyloxymethyl and 
the like, aroyloxyalkyi, such as benzoyloxyethyl and the like, 
alkoxycarbonylalkyi, such as methoxycart)onylmethyl, 
cyclohexyloxycarbonylmethyl and the like, alkoxycarbonyloxyalkyi, such as t- 
buyloxycarbonyloxymethyl and the like, alkoxycarbonylaminoalkyl, such as t- 
butyloxycartjonylaminomethyl and the like, alkylaminocarbonylaminoalkyl, such 
as methylaminocarbonylaminomethyl and the like, alkanoylaminoalkyi, such as 
acetylaminomethyl and the like, heterocycliccartsonyloxyalkyi, such as 4- 
methylpiperazinylcarbonyloxymethyl and the like, dialkylaminocartDonylalkyI, 
such as dimethylaminocarbonylmethyl and the like, (5-(loweraikyl)-2-oxo-1 ,3- 
dioxolen-4.yl)alkyl, such as (5-t-butyl-2-oxo-1,3-dioxolen-4-yl)methyl and the 
like and (5-phenyl-2-oxo-1,3-dioxolen-4-yl)alkyl, such as (5-pheny|.2-oxo-1 ,3- 
dioxolen-4-yl)methyl and the like. 

When used herein, a fonnuia such as 
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represents a bicyclic heterocycie where R3 is bonded to either the 
5-membered ring or the 6-membered ring and R4 is bonded to either 
the 5-membered ring or the 6-membered ring. 

When the compounds of formula I contain one asymmetric carbon atom, 
they can exist as pure enantiomers or mixtures of enantiomers. When the 
compounds of formula I contain more than one asymmetric carbon atom, they 
can exist as diastereomers, mixtures of diastereomers, diastereomeric 
racemates or mixtures of diastereomeric racemates. The present invention 
includes within its scope all of the isomeric forms. The terms "R" and "S" 
configuration used herein are as defined by lUPAC 1974 Recommendations for 
Section E. Fundamental Stereochemistry, Pure AppL Chem (1976) 45, 13-30. 

In addition, in the compounds of the invention, combinations of 
substituents and/or variables (i.e.. A, D. E, G, Ri, R2, R3. R4. etc.) are 
permissible only if such combinations result in stable compounds. 

In general, the compounds of this invention can be prepared by the 
processes illustrated in Schemes I through XVlll. It should be understood that 
substituents A, D, E, G, Ri , R2, R3, R4, etc. as used herein correspond to the 
groups identified by formula (I). P is a protecting group. In the course of 
synthesis, certain groups present in the molecule, particulary carboxylic acid 
and tetrazole groups, are protected and deprotected as necessary. The term 
"protecting group" is well known in the art and refers to substituents on 
functional groups of compounds undergoing chemical transformation which 
prevent undesired reactions and degradations during a synthesis; see, for 
example. T.H. Greene, "Protective Groups in Organic Synthesis", John Wiley & 
Sons, New Yoric (1981) for methods of introducing and removing appropriate 
protecting groups. Suitable carboxy-protecting groups include t-butyl and 
benzyl groups. Suitable tetrazole nitrogen-protecting groups include 
triphenylmethyl (Tr), benzyl, t-butyl, methoxymethyl, benzyloxymethyl, 
p-nitrobenzyl, 1-ethoxyethyl and the like. 

The compounds of fonnula (1) may be prepared using the reactions and 
techniques described in this section. The reactions are performed in a solvent 
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appropriate to the reagents and materials employed and suitable for the 
transformation being effected. It is understood by those skilled in the art of 
organic synthesis that the functionality present on the heterocycie and other 
portions of the molecule must be consistent with the chemical transformation 
proposed This wilf frequently necessitate judgment as to the order of synthetic 
steps, protecting groups required and deprotection conditions. Throughout the 
following section, not all compounds of formula (I) falling into a given class may 
necessarily be prepared by all methods described for that class. Substituents 
on the starting materials may be incompatible with some of the reaction 
conditions required in some of the methods described. Such restrictions to the 
substituents which are compatible with the reaction conditions will be readily 
apparent to one skilled in the art and altemative methods described must then 
be used. 

Schemes I - XV illustrate methods of preparing compounds of the 
invention comprising various -G-E- substituents. 

Scheme t 

Reaction Scheme I illustrates a method of preparing compounds wherein 
-G-E- is -N(R5)-. According to Scheme I, a biphenylamine of Formula 82 is 
alkylated under standard conditions (e.g., Rs-X' wherein X' is a leaving group) 
and then reacted with a chloro-heterocycle to give a compound of Fonnula 81. 

Scheme 11 

According to Scheme II, compounds wherein -G-E- is -O- are prepared 
by coupling a hydroxy-substituted heterocycie with a bromo-biphenyl 
compound of Formula 80 in the presence of a copper salt to give a compound of 
Formula 83. 
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SchemB 111 

Reaction Scheme ill illustrates a method of preparing compounds 
wherein -G-E- is -S- . According to Scheme XX, a biphenyl thiol of Formula 85 
is reacted with a chloro-heterocycle to give a compound of Formula 84. 

Scheme IV 

Reaction Schemes IVA and IVB illustrate alternative methods of 
preparing compounds wherein -G-E- is -CH2-N(R5)- . According to Scheme 
IVA, a biphenylmethylamine of the Formula 86 is reacted with a chloro- 
heterocycle In the presence of a base, such as triethylamine or lithium 
hexamethyldisiiazide, to give a compound of Formula 87. Alternatively, 
according to Scheme IVB, a chloro-heterocycle is reacted with a primary amine 
to give a compound of Formula 88. This secondary amine is reacted with a 
biphenylmethyl bromide 89 to give a compound of Fonnula 87. 

Scheme V 

Accorcling to Scheme V, compounds wherein -G-E- is -CH(R5)-NH- are 
prepared by oxidizing a compound of Formula 90 to aldehyde 91 . Addition of 
an organometailic reagent ( e.g., R5-M is propyl-Grignard reagent, yields 
secondary alcohol 92. The alcohol is converted to a leaving group (e.g., X* is a 
mesylate) which is displaced with a heterocyclic amine to afford a compound of 
Formula 94. 

Scheme VI 

Reaction Schemes VIA and VIB illustrate, alternative methods of 
preparing compounds wherein -G-E- is -CH(R5)-0-. According to Scheme VIA, 
a compound of Formula 93 having a leaving group X', e.g., mesylate, is reacted 
with a hydroxy-substituted heterocyclic in the presence of a base to give a 
compound of Fonnuia 95. Attematively, according to Scheme VIB, secondary 
alcohol 92, whose preparation is illustrated in Scheme XXII, is reacted with a 
chloro-heterocycle in the presence of a base to give a compound of Fonnula 95. 
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SchsmR VII / 
According to Scheme VII, compounds wherein -G-E- is -CH(R5)-S- are 
prepared by reacting a compound of Formuia 93, whose preparation is., 
illustrated in Scheme XXII, with a thiol-substituted heterocycle in the presence 
of a base to give a compound of Formula 96. 

SchflmftVIII 

According to Scheme VIII, compounds wherein -G-E- is -CH2-CH(R5)- 
are prepared by reacting a heterocyclic aldehyde of Formula 97 with a Wittig 
reagent (CH2=P(Ph)3) to yield vinyl-heterocycle 98. Olefin epoxidation with m- 
chloroperoxybenzoic add affords epoxide 99. Epoxide 99 is opened with a 
Grignard reagent 100 prepared from the con-esponding biphenylbromide. The 
resulting alcohol 101 is oxidized (e.g., Swem oxidation) to afford ketone 102. 
The ketone is reacted with the desired Wittig reagent (e.g., Pr-P(Ph)3) to give an 
intennediate olefin which Is reduced with hydrogen in the presence of a catalyst 
(e.g., platinum or palladium) to afford a compound of Formula 103. 

Schema tX 

AccoreJing to Scheme IX, compounds wherein -G-E- is -CH(R5)-CH2- are 
prepared by converting a biphenyl aldehyde of the Fomiula 91 to a h'alo- 
alkylated compound of the Formula 93A (X* Is halogen). Compound 93A is 
converted into Wittig reagent 110 using triphenylphosphine and a suitable 
base. This Wittig reagent is reacted with heterocyclic aldehyde 97 to give a 
compound of the Formula 111. This olefin is reduced with hydrogen in the 
presence of a catalyst such as platinum or palladium to give a compound of the 
Formula 112.. 

Scheme X 

According to Scheme X, compounds wherein -G-E- is -N(R5)-CH2- are 
prepared by alkyalting amine 82 with R5CI in the presence of a base. The 
resulting amine 82a is reductively aminated with aldehyde 97 to give a 
compound of the Formula 114, 
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Schemfl XI 

According to Scheme XI, compounds wherein -G-E- is -NH-CH(R5)- are 
prepared by reacting a heterocyclic nitrite 1 15 with an alkyi Grignaiti reagent 
(e.g., propylmagnesium bromide) and then hydrolyzing the intermediate imine 
to give a ketone of the Formula 116. Reductive aminatlon with a biphenylamine 
82 yields a compound of the Formula 1 17. 

Schema Y\] 

According to Scheme XII, compounds wherein -G-E- is -0-CH(R5)- are 
prepared by reacting a heterocyclic aldehyde with an organometallic reagent 
{e.g.. Rs-M is propylmagnesium bromide) to produce a secondary alcohol of 
the Formula 120. The alcohol is converted to a leaving group (for example, 
mesylate) and then is coupled with the biphenyl alcohol in the presence of a 
base to afford a compound of the Formula 121. 

Schema Xlll 

According to Scheme XIII, compounds wherein -G-E- is -S^H(R5)- are 
prepared by converting a secondary alcohol to a leaving group (e.g., X" Is 
mesylate) and then displacing it with biphenyl thiol 85 in the presence' of a base 
to afford a compound of the Formula 123. 

Scheme XIV 

_ According to Scheme XIV, compounds wherein -G-E- is -NH-N(R5)- are 
prepared by converting a biphenylamine 82 Into a urea of the Formula 124. 
The urea is reacted with bromine in the presence of a base to yield hydrazine 
125. Alkylation with an alkyI bromide (e.g., R5X' is propyl bromide), followed by 
displacement of a chloro heterocycie with the secondary amine 125, affoitis a 
compound of the Formula 126. 
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Scheme XY 

According to Scheme XV, compounds wherein -G-E- is -N(R5)-NH- are 
prepared by first converting amine 82a to urea 130. Urea 130 Is converted to 
hydrazine 131 by treatment with bromine in base. Hydrazine 131 Is reacted 
with chloro-heterocycfe D-CI to afford a compound of the Formula 132. 



SCHEME I 



I. 'I "s-X' 

[I I 2.D-a 




R Base 
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81 



SCHEME II 
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SCHEMEVIA 
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Schemes XVI-XVII illustrate methods of preparing compounds of the 
invention comprising various bicyclic heterocyclic groups (D). 

Schema XVI 

Scheme XVI discloses the synthesis of a compound of the invention 
comprising a substituted pyrrolopyridine (in particular, 4-{N-propyl-N-[(2'-[1 H- 
tetrazol-5-yl]biphenyl-4-yl)methyl]amino}-1,3-dioxo-1.3-dihydropyrTOlo[3,4- 
cjpyridine and 4-{N-propyl-N-[{2'-[1 H-tetra2ol-5-yl]biphenyl-4-yl)methyl]amino}- 
1 .3-dloxo-2-hydroxy-1 ,3-dihydropyrrolo[3,4-c]pyridine). 3,5-Dichloro-1 -methyl- 
2-{1H)-pyra2inone, prepared according to the method of Vekemans, Pollers- 
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Wieers and Hoomaeit, J. Het. Ch8m.2Q. 919 (1983). is combined in ethanol 
with 1.0 equivalent of N-triphenylmethyl-5-[2-(4'-propylaminomethyl- 
biphenyl)]tetrazole, prepared by the procedure described in Example 72B. and 
2.0 equivalents of ethyldllsopropylamlne to afford a compound of the Formula 
201. Compound 201 is dehalogenated using 10% palladium on carbon in 1:1 
ethanol/ethyl acetate to give the des-chloro compound 202. Diels-Alder 
cycloaddition of compound 202 with dimethyl acetylenedicarboxylate (3 
equivalents, neat) at 1 40 »C according to the method of Tutonda et a/., Tet. 
Letters 2L 2509 (1986) provides a compound of the Formula 203. DIester 203 
is heated in a sealed tube with ethanolic ammonia at 100 "C overnight to give 
an imide of the Formula 204. Acid catalyzed detritylation affords a compound of 
the Formula 205. 

Alternatively, heating a compound of the Formula 203 in a sealed tube 
with hydiDxylamine in ethanol at 80 °C ovemight affords the corresponding N- 
hydroxyimide 206. Add catalyzed detritylation affords a compound of the 
Formula 207. 

Scheme XVII 

Scheme XVII discloses the synthesis of a compound of the invention 
comprising a substituted pyrroloisoxazoie (in particular, ethyl 3-{N-butyl-N-[(2'- 
[1H-tetra2ol-5-yl]biphenyl-4-yl)methyOamino}-4H-pyrrolo[3.4-c]isoxazole-5(6H)- 
carboxylate). A compound of the Formula 210. ethyl 3-amino-4H-pyrrolo[3,4- 
c]isoxazole-5(6H)-carboxylate, prepared according to the procedure described 
in J. Med. Chem. H. 453 (1968), is reacted with lithium bis(trimethylsilyl)amide 
and n-butyl iodide according to the procedures described in Example 6A to give 
the 3-butylamino compound of the Formula 21 1 . Compound 21 1 is alkylated 
with N-triphenylmethyl-5-[2-(4'-bromomethyl-biphenyl)]tetrazole and lithium 
bis(trimethylsilyl)amide also by the procedure described in Example 6A to give 
a compound of the Formula 213. Tosic acid detritylation affords a compound of 
the Formula 214. 
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Intermediates useful for the preparation of the novel compounds of this 
invention include a compound of the formula (II): 



wherein A, L, L', M, M' and R5 are defined as above; 
Pi is hydrogen or an N-protecting group; and 

Ri" is Ri as defined above, -NO2, -CN or an N-protected tetrazolyl group 

wherein the tetrazoie is N-protected with a trityl group, a 

t-butyl group, a benzyl group, a benzyloxymethyl group or a methoxymethyl 

group. 

Prefen^d intermediates of formula II are those wherein A is a bond; L, L'. 
M and M' are hydrogen; and Ri" is a tetrazolyl group or an N-protected 
tetrazolyl group. 

Other intermediates useful for the preparation of the novel compounds of 
this invention include a compound of the fonnula (III): 




A 




II 
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wherein A, L, L*. M and M* are defined as above: and 

Ri" is Ri as defined above. -IMO2, -CN or an N-protected tetrazolyl group 

wherein the tetrazole is N-protected with a trityl group, a 

t-butyl group, a benzyl group, a benzyloxymethyl group or a methoxymethyl 

group. 

Prefen-ed intermediates of formula III are those wherein A is a bond; L. L'. 
M and M* are hydrogen; and Ri" is a tetrazolyl group or an N-protected 
tetrazolyl group. 

Intermediates of the formula II wherein A Is a covalent bond, L.'L*. M, and 
M* are hydrogen and Ri" is a tetrazolyl group (i.e., compound 306) can be 
prepared as illustrated in Scheme XVIII. Aldehyde 300 (X" is halogen) can be 
reductively aminated to provide amine 301a. Protection of the amino group (for 
example. Pi = trityl), followed by Grignard formation, provides compound 302. 
Reaction of 302 with oxazoline 303 provides biphenyl 304. Reaction of 
biphenyl 304 with POCI3 provides nitrite 305. Nitrite 305 can then be 
elaborated to tetrazole 306 (for example, by reaction with sodium azide). 
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SCHEME XVIII 




305 

306 
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/ 

The foregoing may be better understood from the following examples, 
which are presented for the purpose of illustration and not intended to limit the 
scope of the inventive concept. 



Example 1 

^{N'BUtYl-N-ff2'-riH-tfttra7nl-S.vnhtnhpnvl.A.v|^msthvnamtnn \ -6.7-dihvrirn. 
5H.rn-nvrinriinQ-<^^arhnyvlir ariri 

Examnlft 1A 
Ethvl 2-Cvann-3-hvrimwarrvlate snriinm satt 

Sodium (2.4 g, 105 mmol) was added portonwise to ethanol (40 
mL). After complete dissolution, the solution was warmed to 50-60 *C and 
ethyl cyanoacetate (1 1.3 g, 0.10 mol) was added dropwise over two 
minutes. A white precipitate fomied immediately upon addition. The 
mixture was stimed for an additional 10 minutes at 60 "C. and then ethyl 
formate (6.4 g. 0.10 mol) was added to the warm mixture. The mixture was 
heated to reflux, at which time the solids dissolved. After approximately 
three hours at reflux, a white precipitate formed. The resulting slurry was 
kept at reflux for three more hours and then allowed to cool to ambient 
temperature overnight. The white solid was collected by filtration, washed 
with cold ethanol and dried in vacuo at 50 "C to give the product as a white 
solid. (7.8 g, 48% yield). For analytical purposes, a small amount of the 
product (-25 mg) was neutralized with phosphoric add, extracted with ethyl 
acetate, dried over sodium sulfate, and evaporated under reduced pressure 
to give a yellow oil which solidified on stianding. NMR (CDCI3, 300 MHz) 
d 1.38 (t. J = 7Hz, 3H), 4.37 (q. J = 7Hz, 2H), 7.87 (bs. 1 H), 12.8 ( S.IH). 
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Examnlfi 1R 
Bhvt P-ftvann-.'^.chlnrnann/latR 
The compound resulting from Example 1 A (2.5 g, 15 mmol) was 
taken up in phosphorous oxychloride (16 mL) and heated at reflux for three 
hours. The mixture was allowed to cool to ambient temperature and the 
volume reduced by one half under reduced pressure. The residue was 
diluted with diethyl ether (50 mL), and the solids which formed were 
collected by filtration and discarded. The filtrate was evaporated under 
reduced pressure to give a reddish oil which was distilled (80-81 "C at 
0.75 mm Hg) to give the product as a colorless oil (1.16 g, 48% yield). 
NMR (CDCI3, 300 MHz) d 1.37 (t, J = 7Hz, 3H). 4.36 (q. J « 7Hz. 2H). 8.05 
(S.1H). 

Examolp in 

Ethvl 2-CVano-.?-rrp.Dvrmliriin-1 .vH-cvr!lnnpnt.9 .envn-anrvlato 
To 1-pyrrolidino-1-cyclopentene (0.99 g. 1.10 mL, 7.3 mmol) 
dissolved in methylene chloride (20 mL) was added triethylamine (0.74 g, 
1.0 mL, 7.3 mmol). The solution was then cooled to -20 °C. The 
compound resulting from Example IB (1.16 g, 7.3 mmol) was added 
dropwise over five minutes and then the solution was stirred at -20 °C-for 
one hour. After warming to ambient temperature, the solution was washed 
with water (2 mL), dried over magnesium sulfate and evaporated under 
reduced pressure to give a red solid (2.0 g) which was used without further 
purification. 

Examote ID 

Ethvl 2-aminn-fi 7-dihvrim.f;H.fiiovrinriinp.a. carboxvlatp 
The compound resulting from Example 1C (2.0 g) was suspended in 
ethanolic ammonia (20 mL) and stirred at ambient temperature for four 
days. The solid was collected by filtration and washed with diethyl ether. 
The resulting bright yellow solid was added to a sodium ethoxide solution 
prepared from sodium (0.25 g) dissolved in ethanol (25 mL). The mixture 
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was heated at reflux for 1.5 hours during which time the solution turned dark 
red. The solvent was removed under reduced pressure and the residue 
obtained was dissolved in ethyl acetate (50 mL). washed with water (2 x 50 
mL), dried over sodium sulfate and evaporated under reduced pressure to 
give the product as an orange solid (0.83 g. 55% yield), which was used 
without further purification, ""h Nf^R (CDCI3. 300 MHz) d 1.38 (t, J = 8H2, 
3H), 2.84 (m, 4H), 4.32 (q, J = 9Hz, 2H), 6.34 (bs, 2 H), 7.96 (s, 1 H). MS 
(DCI/NH3) m/e 207 (M+H)+ 

Example IE 

Ethvl 2-fff-biitvlfiminnVfi-7.dihvrirn.SH.rnpvrinriine.3-carfanxvlatft 
To the compound resulting from Example 1D (0.28 g, 1.36 mmol) 
dissolved In tetrahydrofuran (1 mL) was added 1 .3-dimethyl-3,4,5,6- 
tetrahydro-2(1H)-pyrimidinone (DMPU) (1 mL). The solution was cooled to 
0 "C and lithium hexamethyldisilazide (1.4 mL of a 1M solution In THF) was 
slowly added. The ice-bath was removed and the solution stin'ed for 10 
minutes. The reaction mixture was re-cooled in the ice-bath and butyl 
iodide (0.74 g, 0.46 mL, 4.02 mmol) was added. After the addition wais 
complete, the bath was removed and the solution stin'ed at ambient 
temperature overnight . The reaction mixture was evaporated and - 
dissolved in ethyl acetate (25 mL). The ethyl acetate solution was washed 
with water (25 mL) and brine (25 mL), dried and concentrated under 
reduced pressure to give a yellow solid. Purification by flash 
chromatography on silica gel eluting with 10% ethyl acetate in hexane 
afforded the desired product as a yellow oil (175 mg, 49% yield). ""H NMR 
(CDCI3. 300 MHz) d 0.96 (t. J = 7Hz, 3H). 1 .36 (t. J = 7Hz. 3H). 1 .44 (m, J = 
8Hz. 2H), 1.57 (bs, 1 H). 1.62 (m, J = 8Hz, 2H), 2.07 (p, J = 8Hz. 2H), 2.79 (t, 
J = 8Hz. 2H), 2.88 (t, J = 8Hz. 2H), 3.51 (t, J = 7Hz. 2H). 4.29 (q, J = 7Hz, 
2H). 7.93 (s, 1 H). MS (DCI/NH3) m/e 263 (M+H)+. 
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gxamnlP IF 

EthVl 2-fN-hUtvl-N-r(?'-rN-trinhenvlnnftthvt-1 H-tetrazol-S-ynhinhanvl-A- 
Vl)methvnaminn>-fi7-ftihvdro.RH.rn.nvrinriine-a-f;arbOYvlatfl 
The compound resulting from Example IE (220 mg, 0.84 mmol) was 
dissolved in tetrahydrofuran (1.5 mL) and cooled to 0 "C In an ice bath. 
Lithium hexamethyldisilazide (0.85 mL of a m solution in THF) was added 
dropwise over one minute. The bath was removed and the solution stirred 
for 30 minutes. The bath was replaced and N-triphenylmethyl-5-[2-{4'- 
bromomethyl-biphenyl)]tetrazole (83% pure, 563 mg, 0.84 mmol), prepared 
by the procedure described in European Patent Application No. 291,969, in 
tetrahydrofuran (1 mL) was added dropwise over one minute. The bath was 
removed and the solution was stln-ed overnight at ambient temperature 
during which time the solution tumed black. The solvent was evaporated 
under reduced pressure, and the residue obtained was dissolved in ethyl 
acetate, washed with water (5 mL), brine (5mL), and lli phosphoric acid (5 
mL), dried over sodium sulfate and evaporated under reduced pressure to 
give a yellow oil. Purification by flash chromatography on silica gel eluting 
with 10% ethyl acetate in hexane afforded the product as a yellow foam 
(188 mg, 30% yield), ""h NMR (CDCI3. 300 f^Hz) d 0.70 (t, J = 7Hz, 3H), 
1.16 (m, 2H). 1.33 (t. J = 7H2. 3H), 1.45 (m. 2H), 2.10 (m, J = 8Hz. 2H); 2.84 
(t, J = 8Hz. 4H). 3.22 (m, 2H). 4.30 (q. J = 7Hz, 2H). 4.58 (bs, 2H). 6.9 (d. J = 
8Hz, 6H). 7.06 (q. J = 8Hz, 4H). 7.23 (m. 8H). 7.44 (m. 4H). 7.77 (bs, 1H). 
7.88(dd,J = 8Hz,1Hz,1H). 

Examnla 1Q 

2-fN-Butvl-N-rf?'-rN-trinhenvlmPthvl.1H.tetra?ol.R.vl]h?pf^Pf^Y|.4. 
vnmethvnamino)-6 7-dihvrirn..SH.f 11.Dvrinriinp.3.carhnxvlir arid 
The compound resulting from Example IF (183 mg, 0.25 mmol) was 
dissolved in THF (1 mL) and EtOH (1 mL). p-Toluene sulfonic acid (50 mg) 
was added and the reaction stirred overnight at ambient temperature. The 
solvent was removed under reduced pressure and the residue dissolved in 
MeOH (2 mL). Sodium hydroxide (2 mL of a 5 M solution) was added and 
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the cloudy solution stirred at ambient temperature. After three hours thin ' 
layer chromatography indicated that starting material was still present. The 
reaction mixture was heated at 70 'C for 2.5 hours. The solution was . 
cooled to ambient temperature and the solvents removed in vacuo. The 
residue was taken up in water (5 mL) and extracted with ethyl acetate (2x5 
mL). The organic layer was acidified with IM phosphoric add, extracted 
with ethyl acetate (2x10 mL). dried over sodium sulfate and evaporated 
under reduced pressure to give a pale yellow solid. The solid was triturated 
with hexanes, filtered and dried overnight in vacuo at 60 <*C to afford 103 
mg (89% yield) of the title compound, ""h NMR (CDCI3, 300 MHz) d 0.90 (t. 
J = 7Hz. 3H). 1 .40 (m. 2H), 1 .55 (bm. 2H). 2.26 (t. J = 8H2. 2H), 3.10 (m, 4H). 
3.66 (bm. 2H), 4.45 (bm. 2H). 6.92 (m. 4H). 7.20-7.60 (m. 4H). 7.93 (d, J = 
8H2. 2H). 8.32 (s, 1 H). MS (FAB) m/e 469 (M+H)+, 491 (M+Na)+. Anal 
calcd for C27H28N6O2: C. 69.21 ; H, 6.02; N, 17.94. Found: C. 69.08; H, 
5.87; N. 17.00. 

gxamplfl P 

9-Methvl-6-(N-hutvl-N-r(?'-riH.tBtra7o!.fi.vnhin hBnvt-4.vnmPthvnaminn}.gH- 

Durine 

Example 2A 

N-Butvl-N.rf?'.fN.trinhBnvlmflthvl.1H.tfltra7nl.R.vl] biPhenvl.4- 

vl^methvllaminft 

. N-Triphenylmethyl-5-[2-(4'-bromomethyl-biphenyl)]tetrazole (6.00 g, 
10.7 mmoi), prepared by the procedure described in European Patent 
Application No. 291 ,969. was dissolved in 55 mL of tetrahydrofuran. n- 
Butylamine (40 mL) was added and the mixture kept at ambient 
temperature for 2 hours. The solution was concentrated at reduced 
pressure and the residue obtained taken up in chloroform. The solution 
was washed with dilute potassium hydroxide solution, dried over potassium 
carbonate and concentrated under reduced pressure to afford the title 
compound. ""H NMR (CDCI3, 300 MHz) d 0.89 (t, J = 7Hz, 3H), 1.25-1.38 
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(m. 2H), 1.42-1.52 (m, 2H), 2.60 (t, J = 7Hz, 3H). 3.68 (s. 2H). 6.85-6.95 (rtii 
4H), 7.08 (s, 2H), 7.20-7.51 (m. 16H). 7.92 (dd. J = 8Hz. 2Hz, 1H). 

Example 2B 

9-Methvl-fi-/Nl.biJtvl-Nl.r^r-rN.trinhBnvlmPthvU1H.tfttraynl .5.vnbiDhBnvl.A. 

vhmethvllaminnUqH-nnrinfl 

A solution of the compound resulting from Example 2A (3 mmoi) in 
tetrahydrofuran (25 mL) was treated with triethylamine (1 mL) and 9-methyl- 
6-chloropurine (800 mg. 4.75 mmol). The reaction mixture was stirred for 
24 hours at 50 *C. An additional portion of 9-methyl-6-chloropurine (400 
mg) was added and heating was continued for an additional 48 hours. The 
volatiies were removed in vacuo and the residue obtained dissolved in 
ethyl acetate (200 mL). The organic solution was washed with saturated 
aqueous brine, dried over sodium sulfate and sodium carbonate, filtered 
and concentrated in vacuo. The residue obtained was flash 
chromatographed on silica gel eluting with ethyl acetate in hexanes to 
afford the title compound as an amorphous solid (1.1 g, 65%). MS (FAB) 
m/e 682 (M+H)+. 

ExamniR 9C. 

9-Methvl-6-(N-hutvl-N-rfP'-nH-tetra7ol.S.vl]hinhenvl.4.vl^meth vnamino).9H. 

purine 

The compound resulting from Example 2B (500 mg, 0.75 mmol) was 
dissolved in tetrahydrofuran (25 mL) to which acetic acid (25 mL) and water 
(2 mL) had been added. The solution was refluxed for 2 hours and then 
concentrated under reduced pressure. The residue obtained was 
chromatographed on silica gel eluting with ethanol in methylene chloride to 
provide the title compound as a coloriess amorphous solid (150 mg. 47%). 

NMR (DMSO-ds, 300 MHz) d 0.87 (t, J = 5Hz. 3H), 1 .30 (m, 2H). 1 .60 (m. 
2H), 3.70 (bs, 2Hy. 3.72 (s. 3H). 4.10 (bs. 1H). 5.05 (bs, 1H), 5.50 (bs, 1H). 
7.03 (d. J = 6Hz. 2H). 7.20 (d. J = 6Hz. 2H), 7.55 (m. 2H). 7.65 (m, 2H), 8.13 
(s, 1H). 8.26 (s. 1 H). MS (DCI/NH3) m/e 440 (M+H)+. 
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Examole 3 

6-{N-BntYl-N-f(2'-riH-tfttra7nl-5-vnhinhPnvl-4 .vl^mpthvnaminQ)-QH-nMrina 

Examnip 3A 

6-{N-B»tvl-N-r(?'-rN-trinhenvlmPthvl.1H.tPtra7nl.fi.vqhinhonY|.A. 
vnmethvnamtnnUQH.p..rjnft 

To a solution of the compound resulting tram Example 2A (4.8 mmol) 
in dimethylfomiamide (8 mL) was added triethylamine {1 mL) and 6-chloro- 
9-(tetrahydro-2-pyranyl)purine (1.5 g, 6.3 mmol). The reaction was heated 
for 6 hours at 65 "C and then stin-ed ovemight at ambient temperature. The 
reaction mixture was worked up by the procedure described in Example 2B 
to give an oil. Rash chromatography on silica gel eluting with ethyl acetate 
in hexanes afforded the title compound as a yellow amorphous solid (2.4 g, 
79%). MS (DCI/NH3) m/e 752 (M+H)+. 

ExampiP 3R 

6-(N-ButVl-N-ff2'-riH-tfttraynl.5.vnhinhPnvi^.Ynmethvnaminn\.QH.p,.rino 
To the compound resutling from Example 3A (752 mg, 1 mmol) 
dissolved in tetrahydrofuran (50 mL) was added water (1.25 mL) and 12 M 
hydrochloric add (1.25 mL). The solution was heated at 60 *C for 1 hour. 
The reaction was concentrated under reduced pressure and the residue 
obtained dissolved in methylene chloride (200 mL). The solution was 
extracted with saturated aqueous sodium bicarbonate. The combined 
aqueous extracts were washed wHh diethyl ether (100 mL) and then 
acidified with acetic add and extracted with methylene chloride (3 x 100 
mL). The combined organic extracts were dried over sodium sulfate and 
concentrated under reduced pressure. The residue obtained was 
crystallized from methylene chloride (25 mL) and hexane (250 mL). The 
solid was removed by filtration and dried to afford the title compound as a 
coloriess amorphous solid (256 mg. 60%). NMR (DMSO-de. 300 MHz) d 
0.78 (t, J = 4.5Hz. 3H). 1.20 (m. 2H). 1 .50 (m. 2H), 3.80 (bs. 2H). 5.20 (bs. 
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2H). 6.95 (d, J = 6H2, 2H). 7.13 (d. J = 6Hz, 2H), 7.45-7.55 (m, 4H), 8.02 (s, 
1H). 8.16 (s, 1H). MS (DCI/NH3) m/e 426 (M+H)+. 

ExamntB 4 

2-ChlorQ-6-IN-DrQDvl-N.r^?M1H.tPtraynl.K.yl]biDhenvl.4.vnmethvnaifiinf>}- 

SH-puring 

Example 4A 

N-PrQDVl-N-rf?'-rN.trinhenvlmPthvl.lH.tetra?ol.S-vnhinhenvl.4- 

vhmethvnamine 

N-Triphenylmethyl-5-I2-(4'-bromomethyl-biphenyl)]tetrazole (6.00 g. 
10.7 mmol), prepared by the procedure described in European Patent 
Application No. 291 ,969, was dissolved in 55 mL of tetrahydrofuran. n- 
Propylamine (40 mL) was added and the mixture kept at ambient 
temperature for 2 hours. The solution was concentrated at reduced 
pressure and the residue obtained taken up in chloroform. The solution 
was washed with dilute potassium hydroxide solution, dried over potassium 
carbonate and concentrated under reduced pressure to afford the title 
compound. '"H NMR (CDCI3. 300 MHz) d 0.89 (t, J = 7H2, 3H). 1 .50 (sextet, 
J = 7Hz, 2H). 2.55 (t. J = 7Hz. 2H). 3.68 (s, 2H), 6.85-6.95 (m. 4H), 7.08 (s, 
2H). 7.20-7.50 (m, 1 6H). 7.92 (dd. J = 8Hz. 2H2. 1 H). 

Examplft 4R 

2-ChlorQ-6-(N-DrODvl-N.rf2'-rN.triDhflnvlmftthvl-1H.tetra?ol. 5-vnbiDhenvl.4. 

vhmethvnaminn\-QH.nMrinp 
To a solution of the compound resulting from Example 4A (2.3 mmol) 
in dimethylfomiamide (3 mL) was added triethylamine (1 mL) and 2,6- 
dichloropurine (600 mg, 3.2 mmol). The solution was heated for 12 hours- at 
50 "C and then additional 2,6-dichloropurine (600 mg) was added. 
Following an additional 2 hours at 50 "C, the reaction was worked up by 
the procedure described in Example 2B to afford an amorphous solid. 
Rash chromatography on silica gel eluting with ethyl acetate in hexane 
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afforded the title compound as an off-white amorphous solid (1.15 g, 84%)-: 
MS (FAB) m/e 688 (M+H)+ 

gyamnlft AC. 

2-ChlQro-6.fN.nrnnvl.N.rry-riH.tetra?ol.S.vnbiDhenvM.vnmethvnamino>- 

9H-DurinB 

The compound resulting from Example 4B (500 mg, 0.71 mmol) was 
deblocked using the procedure described in Example 2C. Rash 
chromatography on silica gel eluting with ethanol in methylene chloride 
containing acetic add afforded the title compound as a colorless, 
amorphous solid (165 mg, 50%). NMR (DMSO-ds, 300 MHz) d 0.87 (t, J 
= 7.5Hz. 3H). 1.62 (m, 2H), 3.30 (bs. 1H). 3.48 (bs. 1H), 4.08 (bs. 1 H). 4.90 
(bs, 1H).-5.55 (bs. IN), 7.05 (d, J = 8Hz. 2H), 7.20 (m. 2H). 7.50-7.70 (m. 
4H), 8.15 (s, 1H). MS (DCI/NH3) m/e 446 (M+H)*. 

Example 5 

6-(N-Pronvl-N-fr2'-ri H.tfltra7ol-S-vl]hinhPnvl-4-vnmethvl] aminnt-QH.niirinA 
The compound resulting from Example 4A was reacted with 6-chloro- 
9-(tetrahydro-2-pyranyl)purine by the procedure described in Example 28 
to provide an amorphous solid (950 mg, 56%). This compound was' 
deprotected by the procedure described in Example 38 to afford the title 
compound as an amorphous solid (250 mg, 53%). ""H NMR (DMSO-dg, 300 
MHz) d 0.87 (t. J = 4.5Hz, 3H), 1.62 (m. 2H). 4.05 (bs. 2H). 5.05 (bs, 1H), 
5.50 (bs. 1H). 7.02 (d. J = 6Hz, 2H). 7.20 (d. J = 6Hz. 2H), 7.50-7.70 (m, 4H), 
8.10 (s, 1H), 8.20 (s. 1H). MS (FAB) m/e 412 (M+H)+ 



Example 6. 

Ethvl 7-rN.htJtvl.N.ffy.M H.tPtra?Ql-5-vnbiPhPnvl.4. 
vl1methvnamino1ovra7nlnri fi-alpyrimidinp-fi-narhnyvlflto 



wo 93/18035 



PCrAJS93/01105 



-54- 

Example RA 

EthVl 7-fN-hiitvhmmn>nvra7olnf1 fvajp yrimidinP-fi-rarhnyYlatp 
To ethyl 7-amlnopyra2olo(1.5-a]pyrimldine-6-carboxylate (3.70 g, 
17.9 mmol, prepared by the procedure of Makisumi, Y., Chem. Pharm. Bull. 
JJL 620 (1962), in dimethylformamide (90 mL) at 0 "C was added 1.0 M 
sodium bis(trimethylsllyl)aniide In tetrahydrofuran (18 mL, 18 mmol). After 1 
hour 1-lodobutane (2.2 mL, 19 mmol) was added, and the mixture was 
stirred at ambient temperature for 24 hours. The mixture was diluted with 
ethyl acetate and the solution washed with water and brine, dried over 
sodium sulfate and evaporated under reduced pressure. Chromatography 
of the residue obtained on silica gel eluting with 15% ethyl acetate In 
hexane afforded 1.73 g (37%) of the desired product as an oil. TLC (20% 
ethyl acetate/80% hexane ) R, = 0.27. NMR (CDCI3. 300 MHz) d 0.98 (t, 
3H). 1.40 (t. 3H). 1.56-1.42 (m. 2H), 1.80-1 .65 (m. 2H), 4.43-4.30 (m. 4H), 
6.42 (d, 1 H). 7.98 (d, 1 H), 8.68 (s. 1 H). 9.67 (bs, 1 H). 

Example fiR 

EthYl7-rN-htltVl-N-frP'-rN-trinhflnvlmPthvl.lH. t etra7nl-S-vl\hlphpnY|.4- 
Vllmethvnamrnolnvrayntnf 1 fi-a^nvrimirii ne-fi-narhnwlatp 
To the compound resulting from Example 6A (1.73 g, 6.59 mmol) in 
dlmethylfonnamide (30 mL) at 0 "C was added 1.0 M sodium 
bis(trimethylsilyl)amide in tetrahydrofuran (7.2 mL, 7.2 mmol). After 1 hour, 
triphenylmethyl-5-[2-(4'-bromomethylbiphenyl)]tetrazole (4.00 g, 6.03 mmol, 
84% pure), prepared by the procedure of Aldrich, P. E. etal. European 
Patent Application 291,969. was added. The mixture was stirred at ambient 
temperature for 24 hours and at 50 "C for 1 8 hours. The mixture was 
diluted with ethyl acetate, and the solution was washed with water and 
brine, dried over sodium sulfate and evaporated under reduced pressure. 
Chromatography of the residue obtained on silica gel eluting with 14% ethyl 
acetate In hexane afforded 1 82 mg (4%) of the desired product as a foam. 
TLC (20% ethyl acetate/80% hexane ) R, = 0.17. NMR (CDCI3. 300 
MHz) d 0.78 (t. 3H), 1.25-1.10 (m. 2H). 1.38 (t. 3H). 1.60-1.46 (m. 2H). 3.67 
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(t. 3H). 4.40 (q, 2H). 4.57 (s. 2H), 6.66 (d, 1 H). 7.55-6.80 (m, 22H). 7.95-7.89 
(m.1H),8.14(d.1H), 8.77 (s,1H). 

Eyamnle fin 

Bhvl 7-rN-hlltv[.N.fr9'.M H.fotrq?o|.S.vnhinh»nyl.^ 
YJlmethvnaminnlnvrayotnfl ■«;.a)pyrimidinfl-fi^arhnYvlflta 
The resultant compound from Example 6B (1 74.2 mg, 0.236 mmol) in 
15:15:1 acetic add/tetrahydrofuran/water (6 mL) was heated at reflux for 1 
hour. The mixture was evaporated under reduced pressure and chased 
with several portions of toluene. Chromatography of the residue obtained 
on silica gel eluting with 2.5-4% methanol in chloroform afforded 94.7 mg 
(81%) of the title compound as a foam. TLC (10% methanol/90% 
chloroform ) R, « 0.37. ^ H NMR (CDCI3. 300 MHz) d 0.86 (t. 3H). 1 .35-1 .10 
(m. 2H), 1.37 (t, 3H). 1.72-1.55 (m. 2H). 3.40 (t. 2H). 4.38 (q, 2H), 4.98 (s, 
2H). 6.64 (d. 1H). 7.22-7.10 (m, 4H), 7.48-7.38 (m. 1H). 7.63-7.51 (m. 2H). 
8.17 (d. 1H). 8.29-8.22 (m. 1H), 8.54 (s. 1H). 

Examnip 7 

7-fN-BUtYl-N-rr2'-nH-tetra7nl-B.vnh!nhPnvl.4.vl] mBthvnaminn1nyraTnk^f1 ff- 
alDvrimiriinp-fi-rarbnxvtir arid 
The resultant compound from Example 6 (74.3 mg, 0.150 mmol) in 1 
M aqueous potassium hydroxide solution (1.5 mL) was stirred for 46 hours 
at ambient temperature. The mixture was acidified with 6 M hydrochloric 
acid and filtered. The resulting solid was dissolved in tetrahydrofuran, dried 
over sodium sulfate and evaporated under reduced pressure. 
Chromatography of the residue on silica gel eluting with 5% methanol and 
1% acetic acid in chloroform afforded 35.4 mg (50%) of the desired product 
as an amorphous solid. TLC (1% acetic acid/5%methanol/94% chloroform) 
Rf = 0.22. ""H NMR (CDCI3. 300 MHz) d 0.90 (t. 3H), 1.20-1.40 (m,2H). 1.52- 
1.66 (m. 2H). 3.51-3.68 (m. 2H), 4.88 (s, 2H). 6.67 (s, 1H). 6.97 (d. 2H), 7.03 
(d. 2H). 7.37 (dd. 1 H), 7.47-7.62 (m, 2H), 8.17 (dd. 1 H). 8.23 (d, 1 H), 8.78 (s, 
1 H). MS (DCI/NH3) m/e 469 (M+H)+. 
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Examnle fl 

Bhvl7-fN.hirtvl.M.ff9^flH46trazol.5.vl]hinhenvl.4-vhmethvnaminn}. 
f1 ■2.31tria7nlori S-alnvrimidine.S.carboxvlatQ 

Example SA 

Ethvl 7-rn-hiitvtaminnW1 ?,3]tria7nlnf1 5-a ]pvrimirifng-fi-carfaoyvlatfl 
Using the procedure described in Example 6A and replacing ethyl 7- 
amlnopyrazolo[1,5-a]pyrimidine-6-carboxylate with ethyl 7-amlno[1 ,2^]- 
trlazolo[1,5-a]pyrimtdine-6-carboxylate, prepared using the method of 
Urieb, U. etal., Heterocycles £^ 1899 (1986), affords the title compound. 

Example SB 

Ethvl 5-fN-biitvl.N.rfp--rM.trinhenvlmethvl.1 H.tetra7ol.5-vllbiphem^i-4. 
YnmethvnaminQ)-ri .g-Sltriaznlon ■S-a^ovrimiriine-e^rboxvlate 
Using the procedure described in Example 6B with the 
resultant compound f ram Example 8A gives the title compound. 

Example an 

Ethvl 5-(N-butvl-N-ff?'-riH-tetra7ol-S.vllhinhenvl.4-vnmethvnaminn}. 
f1 .2.31triazolori ■S-alDvrimiriinB.e.narhnxvlafe 
Using the procedure described in Example 6C with the resultant 
compound from Example 8B gives the title compound. 

Example 9 

5-(N-Butvl-N.rry-riH.tRtra70l.R.vnhinhpnv|.4.vhmethvnaminn}. 

n ■2.31triazolori .S-alpyrimiriine-fi-carboxvlin arid 
The compound resulting from Example 8C is hydrolyzed by the 
procedure described in Example 7 to give the title compound. 
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Example 10 

6-(N-ButVl-N-r(2'-riH-tetra2oN5-vl1biDhenvl-4-vl\mRthvnpminn W8-^ 

purine 

Example 10A 

6-(N-BlJtvl-N-r/P^rN.trinhenvlmmhvUlH-tetm7nUf>.vl]hfnhpnvUA^ 

vnmethvnamtnQ)>8^mBthvUQH.pMrino 
To a solution of the compound resulting from Example 2A (2.25 
mmol) In dimethylformamide (3 mL) was added triethylamine (1 mL) and 6- 
chloro-8-methylpurine (0.39 g, 2.3 mmol), prepared by the procedure 
described in J. Chem. Soc. Perkin Trans. I, 879 (1984). The mixture was 
heated at 60 ''C for 1 6 hours and then an additional portion of 6-chloro-8- 
methylpurine (160 mg, 0.954 mmol) was added. After 26 hours, the 
reaction was worked up by the procedure described in Example 2B. The 
residue obtained was purified using flash chromatography on silica gel 
eluting with ethanol in methylene chloride to provide the title compound as 
an amorphous solid (250 mg, 16%). MS (FAB) m/e 682 (M+H)+. 

Example 105 

6>(N-Butvl-N-ff2'-f1H-tetra7nl>S-vnhinhenvU4-vhmethvl1amin nU8.methvl-^ 

purine 

A solution of the compound resulting from Example 1 0A (240 mg, 
0.35 mmol) in tetrahydrofuran (10 mL) was treated with p-toluene sulfonic 
acid monohydrate (100 mg, 0.53 mmol) and the mixture was stirred at 
ambient temperature for 12 hours. An additional aliquot of p-toluene 
sulfonic acid monohydrate (100 mg, 0.53 mmol) was added and the 
solution was heated at 60 '^C for 4 hours. Potassium carbonate (280 mg, 2 
mmol) was added and volatiles were removed under reduced pressure. 
Water (100 mL) was added to the residue and the solid was removed by 
filtration. The filtrate was acidified with acetic acid and the solid collected by 
filtration. Flash chromatography on silica gel eluting with ethanol and acetic 
acid in methylene chloride afforded the title compounds as an amorphous 
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solid (90 mg. 58%) after recrystallization from ethyl acetate in hexane. ''H 
NMR (DMSO-ds. 300 MHz) d 0.87 (t. J = 7.5H2. 3H), 1.30 (m, 2H), 1.55 (m, 
2H), 2.42 (s. 3H). 3.80 (bs. 2H). 5.25 (bs. 2H). 7.03 (d. J = 8Hz. 2H). 7.16 (d. 
J = 8Hz, 2H). 7.50-7.70 (m. 4H), 8.13 (s, 1H). 12.70 (bs. 1 H). MS (DCI/NH3) 
m/e 440 (M+H)+. 

gxamole 11 

7-^N-Butvl-N-rfP^^1H-tet^a^ol-5.vl]b■phfinvi-4-vnmethvl^amino^1-methvl-1H- 

f1 ■g.31tria7otQr4 5-d1ovrimtdine 

Example 11 A 

4-Chloro-1-methvl-1 H-fl ■2.3]triazolof4.5-d]pvrlmidine 
A suspension of 5-amlno-6-chioro-4-methyiaminopyrimidina (1.6 g, 

10 mmol) in 30 mL of water was treated with 25 mL of acetic add. The 
solution was diluted with 50 mL of water and solid sodium nitrile (760 mg, 

1 1 mmol) was added. After stirring at ambient temperature for 15 minutes, 
an additional portion of sodium nitrite (140 mg, 2 mmol) was added. 
Stining was continued for 15 minutes after which time the reaction mixture 
was diluted with 250 mL of water. Solid sodium acetate was added to 
adjust the pH to 5 and then the solution was extracted with ethyl acetate (2 x 
250 mL). The combined organic extracts were washed with saturated 
aqueous sodium bicarbonate and brine, dried over magnesium sulfate, 
filtered and concentrated in vacuo Xo afford the title compound as a pale 
yellow solid (1.2 g, 70%). ""h NMR (CDCI3. 300 MHz) d 4.38 (s, 3H), 8.95 
(S.1H). 

gxample 11B 

7-fN-Butvl-N-rf2'-rN-trinhfinvlmPthvl.1H.tfltra7Q|.5-vnbiDhPnvl.4. 
vnmethvnaminn\-1.methvl-1 H-f1 ■2.31triazolor4.5.d1Pvrimiriine 

A solution of the compound resulting from Example 11 A (430 mg, 2.5 
mmol) in tetrahydrofuran (15 mL) was treated with triethylamine (1 mL) and 
the compound resulting from Example 2A (2.5 mmol). After stirring at 
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ambient temperature for 10 hours, the volatiles were removed under 
reduced pressure and the residue obtained worked up by the procedure 
described in Example 2B. The residue obtained was purified by flash 
chromatography on silica gel eluting with ethyl acetate in hexane to afford 
the title compound as an amorphous solid (1.05 g, 61%). MS (FAB) m/e 
683 (M+H)+ 

Example 11C 

7-(N-ButvUN-rf2'-ri H-tetrazol-5-vnbiDhenvl-4>vhmethvnamtno\-1 >methvt-1 H- 

ri ,2,31triazQlpr4.5-d]pyrimidln9 
To the compound resulting from Example 11B (300 mg, 0.44 mmol) 
dissolved in 10 mL of tetrahydrofuran was added p-toluene sulfonic add 
monhydrate (92 mg, 0.48 mmol). The reaction was stin-ed at 55 for 3 
hours. Solid potassium carbonate (200 mg) and 1 mL of water were added. 
The volatiles were removed under reduced pressure and water (75 mL) 
was added to the residue. The solid was removed by filtration and the 
filtrate was acidified with acetic add. The aqueous layer was extracted with 
ethyl acetate (150 mL). The organic layer was washed with saturated 
aqueous sodium chloride and dried over sodium sulfate. The filtered 
solution was concentrated under reduced pressure and the residual acetic 
acid removed by azeotropic distillation with toluene. The residue was 
recrystallized from ethyl acetate and hexane to afford the title compound as 
an amorphous solid (120 mg. 61%). The 300 MHz NMR spectrnm was 
found.to be consistent with the proposed stmcture. MS (FAB) m/e 441 
(M+H)"^. Anal calcd for C23H24N10: 62.71 ; H. 5.49; N, 31.80. Found: C, 
62.82; H, 5.54; N. 31 .68. 



Example 12 

6-fN-PrQDvl-N.ffP'-riH-tPtra7Ql-S-vl]hinhPnvU4^vnmQthvnamino}-7-methvl- 

7H-purine 
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ExamplB 1PA 

2.8-Pichlnro-f7-(N-nrnnvl-N-rfP'-fN-trinhPnvimethvi.iH.tPtr.,rn..^ 

vnbiDhflnvl-4-vnmPthvl^aminn}.7.mPthvl.7H.p..r^nfl 

To a solution of the compound resulting from Example 4A (4.33 
mmol) in dimethylformamide (5 mL) was added triethylamine (1 mL) and 
2.8-dichIoro-7-methylpurine (1.00 g. 4.3 mmol). After stirring for 24 hours at 
ambient temperature, the reaction was worked up according to the 
procedure described In Example 2B. Rash chromatography on silica gel 
eluting with ethyl acetate in hexane afforded the title compound as a yellow 
amorphous solid (2.00 g. 75%). MS (FAB) m/e 736 (M+H)+. 

Examnip 1PR 

6-{N-PrQnvl-N-rf?'-fN-trinhPnvlmPthvl.lH. tPtm7nl.'^-vl|h.phonY|.4. 
vnmethvnammn}.7.mfttf,yf.7H.niirinp 

The compound resulting from Example 12A (1.00 g, 1.4 mmol) was 
mixed with 12 mL of triethylamine and 500 mg of 10% palladium on carbon 
in 150 mL of ethyl acetate. The mixture was stirred for 36 hours under 1 
atmosphere of hydrogen. Additional aliquots of 10% palladium on cartaon 
(500 mg) were added at 12 and 24 hours. The reaction mixture was' filtered 
and concentrated under reduced pressure. The residue obtained was 
suspended In ethyl acetate (200 mL), washed with saturated brine and 
dried over sodium sulfate. The filtered solution was concentrated in vacuo. 
Rash chromatography on silica gel eluting with isopropanol and acetic acid 
in methylene chloride afforded the title compound as an amorphous solid 
(340 mg, 36%). MS (FAB) m/e 668 (M+H)+. 

ExamolQ 13n 

6-{N-PrQnvl-N-rf2'-f1H-tPtra7nl.f>.vi1hinhPn^/i.4.x/i^mpth./naminn}.7-mpthY| - 

7H-nnrinp 

The compound resulting from Example 12B (330 mg, 0.5 mmol) was 
deprotected acconding to the procedure described in Example 2C. The 
residue obtained was purified by flash chormatography on silica gel eluting 



i 
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with formic acid and water in ethyl acetate. The residue obfeined was ' 
reciystallized from methylene chloride and hexane to afford the title 
compound as an amorphous solid {150 mg, 68%). ''h NMR (DMSO-de, 300 
MHz) d 0.87 {t, J = 7.5H2, 3H). 1 .68 (m, 2H), 3.40 (m, 2H), 3.80 (s, 3H), 4.80 
(s. 2H), 7.07 (d. J = 9Hz, 2H), 7.28 (d. J = 9Hz. 2H). 7.52-7.70 (m. 4H). 8.57 
(s, 1 H), 8.63 (s, 1 H). MS (DCI/NH3) m/e 426 (M+H)+ 

Examnlft 1.q 

6-fN-Pmnvl-N-rf?M1H.tfttraynl.S.vl]htpHenvl-4-vl^mftth vnamjnnUC». 
fearboyvmpthvl\.9H-nijrinft 

gxamnlfl iaA 

6-ChlOm- P-f fPrr-butvlQxvcarhr . nvlmethvn-QH.nnrinp anri 
6-ChlQrO-7-rfftrf-htitvlnYvrflrhnnvtmethvl\-7H-niirinft 

To a solution of 6-chloropurine (2.00 g, 12.9 mmol) In anhydrous 
dimethylformamide (10 mL) was added potassium carbonate (3.00 g) 
followed by fe/T-butylchloroacetate (2.00 g, 13.3 mmol). After stirring at 
ambient temperature for 14 hours, the reaction mixture was poured into 
saturated aqueous ammonium chloride solution (150 mL) and extracted 
with ethyl acetate (5 x 1 00 mL). The combined organic extracts were 
washed with saturated brine, dried over sodium sulfate and concentrated 
under reduced pressure to afford an orange oil. The reaction was repeated 
using 3.00 g of 6-chloropurine and the products were combined. 
Purification by flash chromatography on silica gel eluting with ethyl acetate 
in hexane provided the title compound (6.4 g, 75%). TLC (75% ethyl 
acetate/25% hexane) R, = 0.69. MS {DCI/NH3) m/e"269 (M+H)+. 286 
(M+H+NH3)+. 

Also obtained was the isomeric 7-substituted compound. 6-chloro-7- 
(/ert-butyloxycarbonylmethyl)-7H.purine, (1.3 g. 15%). TLC (75% ethyl 
acetate/25% hexane) Rf = 0.28. MS (DCI/NH3) m/e 269 (M+H)*. 286 
(M+H+NH3)+. 
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Examnlft 13R 

6-fN-PrDDVl-N-rfP'-rN-trinhenvlmethvl.1H.tetrazol.5-v»biPhPnvl.A. 
vhmethvnamino>-9-ffflrf.btJtvloxvcarbonvlmBthvn.9H.DurinB 
A solution of the compound resulting from Example 4A (3 mmol) in 
dimethyifomiamide (5 mL) was treated with triethylamine (1 mL) and the 
compound resulting from Example 13A (900 mg. 3.3 mmol). After stining at 
55 "C for 18 hours, the reaction was worked up by the procedure described 
in Example 2B. Rash chromatography on silica gel elutlng with ethyl 
acetate in methylene chloride provided the title compound as a yellow 
amorphous solid (1.52 g. 76%). MS (FAB) m/e 768 (M+H)+. 

Examplg 13C 

6-fN-ProDvl-N-rr?'-riH-tfttragol-5-vnhiphenvl-4-vnmethvnaminot-3- 
fcarboxvmfithvh-9H.ptirinfl 
A solution of the resultant compound from Example 13B (770 mg^ 1 
mmol) in tetrahydrofuran (75 mL) was treated with 12 H hydrochloric add (3 
mL) and water (2 mL). The solution was heated at 65 "0 for 1.5 hours and 
then concentrated under reduced pressure. Water (100 mL) was added to 
the residue and solid sodium hydroxide was added to adjust the pH to 11. 
The solid was removed by filtration and the filtrate acidified with fomiic acid. 
The solid was collected by filtration and purified by flash chromatography 
on silica gel elutlng with water and formic acid in ethyl acetate. The residue 
obtained was treated with toluene in methanol and concentrated in vacuo to 
affordjhe title compound as an amorphous solid (225 mg. 48%). ""H NMR 
(DMS0-d6. 300 MHz) d 0.87 (t. J = 7Hz. 3H). 1.65 (m, 2H). 3.30 (bs, 2H), 
5.01 (s. 2H). 5.02 (bs. 1 H). 5.40 (bs. 1 H). 7.02 (d. J = 8Hz. 1 H), 7.21 (d, J = 
8Hz. 2H). 7.50-7.70 (m. 2H). 8.16 (s, 1H), 8.23 (s. 1 H). MS (DCI/NH3) m/e 
470 (M+H)+ 



Example 14 

6-fN-ProPvl-N-rfy-riH-tPtrayo|.5-vnhinhBnv l-4-vnmBthvllaminn\-7- 
rcarboxvmethvn-7H-niirinfl 
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Examnle 14A 

6-(N-ProDvl-N-rfP'-fN-trinhenvlmBthvl.1H.tetra;ol-5-vnhiDhBnvl-4- 
vnmethvl)aininot.7./carboxvmethvh-7H-ourine 
A solution of the compound resulting from Example 4A (3 mmol) in 
dimethylformamide (5 mL) was treated with triethylamine (1 mL) and the 7- 
substituted isomer resulting from Example 13A (900 mg, 3.34 mmoi). After 
stirring at 55 "C for 18 hours, an additional aliquot of the 7-substltuted 
isomer (200 mg, 0.74 mmol) was added. Heating at 55 °C was continued 
for 24 houre at which time the reaction mixture was wori^ed up by the 
procedure described in Example 2B. The residue obtained was purified by 
flash chromatography on silica gel eluting with ethyl acetate to afford the 
titid compound as an amorphous solid (850 mg, 42%). MS (FAB) m/e 768 
(IVI+H)+ 

Examnle 14B 

6-/N.Pmnvl.M.r/y.f1H.tfltra?Q|.S.vnhinhPnvl.4.vhmethvl|amino).7. 
rearbQxvmflthvh-7H.purine 
The compound resulting from Example 14A (770 mg, 1 mmol) was 
deprotected by the procedure described in Example 13C except that the 
solution was refluxed for 2 hours. Wortc up as described in Example 13 and 
flash chromatography on silica gel eluting with formic acid and water in 
ethyl acetate provided the title compound as an off-white amorphous solid 
(275 mg. 60%). ""H Niy/IR (DMSO-ds. 300 MHz) d 0.71 (t. J = 7.5H2. 3H). 
1.52 (m. 2H). 3.20 (m. 2H). 4.58 (s. 2H). 5.13 (s. 2H), 7.01 (d, J = 8H2, 2H), 
7.13 (d, J = 8H2, 2H), 7.48-7.66 (m, 4H), 8.47 (s, 1 H). 8.51 (s, 1H). MS 
(DCI/NH3)m/e (M+H)+ 



3 



Example 15 

9-Benzvl-6-IN-proDvl-N-rf?'-fiH-tBtrazo!-5-vl1biDhenvi-4-vhm Rthvl]amino} 

9H-niJrine 
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gxample ISA 

9-Ben?vl.6.chloreourine 
The reaction of 6-chioropurine (5.00 g, 32.3 mmoi), benzyl bromide 
(6.1 g, 35.6 mmoi) and potassium carbonate (13.8 g, 100 mmol) in 
dimethylformamaida (10 mL) according to the procedure described in 
Bcample 13A provided the title compound as a colorless solid (4.5 g, 57%). 

Example 15B 

9-Ben2vl-6-(N-DroDVl-N-rfP'.TN-triDhflnvlmBthvl-1H-tetra2o[-5-vlTbiPhenvl.4- 

vnmethvl]amino}-9H-purine 
To a solution of the compound resulting from Example 4A (2.53 
mmol) in dimethylformamide (8 mL) was added triethylamine (3 mL) 
followed by the compound resulting from Example 15A (680 mg, 2.5 mmol). 
After stirring at 60 "C for 6 hours, the reaction was wori<ed up according to 
the procedure described in Example 2B. Purification by flash 
chromatography afforded the title compound as a yellow amorphous solid 
(980 mg, 52%). 

Example 15C 

9-Ben2Vl-6-(N-Droov!-N-r(P'-riH-tetra?oN5-vl]biphRnvl.4-vnm6thvnaminp\- 

9H-purine 

The compound resulting from Example 15B (950 mg. 1.3 mmol) was 
deblocked according to the procedure described in Example 2C. 
Purification by flash chromatography eluting with ethanol and acetic acid in 
methylene chloride followed by recrystallization of the residue from 
methylene chloride and hexane afforded the title compound as an off white 
amorphous solid (570 mg, 89%). ""H NMR (DMSO-ds. 300 MHz) d 0.87 (t, J 
= 7Hz, 3H), 1.63 (m. 2H), 3.45 (bs, 1H), 4.05 (bs, 1H), 5.00 (bs, 1H). 5.40 (s. 
2H). 5.50 (bs, 1 H), 7.05 (d, J = 8Hz, 2H). 7.20 (d, J= 8Hz. 2H). 7.25-7.45 (m, 
5H), 7.50-7.70 (m, 4H). 8.26 (s, 1H), 8.32 (s. 1H). 
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Example 1fi 

2-Methvl-7-fN-butvl.M.rfP'.riH.tetra7nl-fi.vnhinhPnvl.d. 

vnmethvnaminolthia7olnfS.4^1nvrimiriinB 

Reaction of the compound resulting from Example 2A and 2-methyl- 

7-chlorothia2olo[5,4-d]pyrimidine, prepared according to the procedure 

described in Chem. Pharm. Bull. Ifi, 352 (1958), according to the procedure 

described in Example 15B affords 2-methyl-7-{N-propyl-N-[(2'-[N- 

triphBnylmethyl-1H-tetrazol-5-ylJblphenyl-4-yl)methylJamino)thiazolo[5,4- 
djpyrimidine. 

The above compound is deblocked according to the procedure 
described in Example 2C to afford the title compound. 

Examnlft 17 

2-Methvl-7.f N-hi rtvl-N-fry-n H-tPtrarn US-vllbtohanvl-A. 
vnmethvnamino)oxa?olor5 4-d1pvrimiriinfl 
Reaction of the compound resulting from Example 2A and 7-chloro- 
2-methyloxa2olo[5.4-d]pyrimidine, prepared according to the procedure 
described in Chem. Pharm. Bull. fl. 137 (1960), according to the procedure 
described in Example 15B affords 2-methyl-7-{N-propyl-N-[(2'-[N- 

triphenylmethyl-1H-tetra2ol-5-yl]biphenyl-4-yl)methyl]amino}oxazolo[5,4- 
d]pyrimidine. 

The above compound is deblocked according to the procedure 
described in Example 1G to afford the title compound. 

Example 19 

4-{N-BUtYl-N-ff?'-riH-tPtra7n|.5.vnhinhBnvl.4.vhmPthvnaminn\.1H. 
Dvrazolnfa A.H1nvrimiriinp 
The reaction of the compound resulting from Example 2A and 4- 
methylmercapto-6-chloropyrazolo[3,4-d]pyrimidine, prepared acconjing to 
J. Am. Chem. Soc. ZS, 6407 (1957), according to the procedure described 
in Example 15B affords 4-{N-propyl-N-{(2'-[N-triphenylmethyl-1H-tetra2ol-5- 
yl]biphenyl-4-yl)methyl]amino}-1H-pyrazolo(3,4-d]pyrimidine. 
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The above compound is deblocked according to ttie procedure 
described in Example 2C to afford the title compound. 

Fxamnle 19 

4.{N-Butvl-N.ffy -nH.tetra70l-5.vnhinh6nvl.4-vnmethvnamlnQ)-7-methvl-7H- 

pyiTolof2.3-d)ovrimidine 
Reaction of the compound resulting from Example 2A and 4-chloro- 
7-methyl-7H-pyrrolo[2,3-d]pyrimidine, prepared according to the procedure 
described in Chim. Then Q!Sl 427 (1971). according to the procedure 
described in Example 15A affords 4-{N-butyl-N-[(2'-[N-triphenylmethyl-1H- 
tetrazol-5-yl]biphenyM-yl)methyllamino}-7-methyl-7H-pyrrolo[2,3- 
d]pyrimidine. 

The above compound is deblocked according to the procedure 
described in Example 2C to afford the title compound. 

PyamniR 20 

4.(N.Butvl.N-rf2'-riH-tfltra70l-fi-vnhinhfinvl.4.vnmRthvnamlnQHhienQf2.3- 

d ]pyrimidlne 

The compound resulting from Example 2A and 4-chlorothieno[2,3- 
d]pyrimidine, prepared according to the procedure described in Bull. Chim. 
Soc. Fr. 587 (1975), are reacted according to the procedure described in 
Example 15Ato give 4-{N-butyl-N-[(24N-triphenylmethyl-lH-tetrazol-5- 
yl]biphenyl-4-yl)methyi]amino}thieno[2,3-d]pyrimidine. 

The above compound is deblocked according to the procedure 
described in Example 2C to afford the title compound. 

Efflmple 21 

4-(N-Butyl-N -[f2--pH-tetrazol-y>-vnhinhenvl-4-vhmfifhvnaminQ}-6-methYl- 

fiirnp 3-rilnvrimidine 
The compound, resulting from Example 2A and 4-chloro-6-methyl- 
furo(2,3-dlpyrimidinB. prepared according to the procedure described In 
Bull. Chem. Soc. Fr. 4344 (1969). are reacted according to the procedure 
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described in Example 15Ato afford 4-{N-butyl-N-[(2'-IN-triphenylmethyl-1H- 
tetrazol-5-yllbiphenyl-4-yl)methyl]amino}-6-methyl-furo[2,3-d]pyrimidlne. 

The above compound is deblocked according to the procedure 
described In Example 1G to afford the title compound. 

Sxampls 22 

7-(N-BiJtvl.N.rfP'-f1H.tPtmyn|.5.vnhtnhBnvM-vnmethvnamino)hBn7nftiran 
A mixture of 7-aminobenzofuran hydrochloride, prepared according 
to the procedure described In J. Med. Chem. IS, 717 (1973), n-butyl Iodide, 
and potassium carbonate are heated until the starting benzofuran is 
consumed. The reaction mixture is diluted with methylene chloride and 
filtered. The filtrate is concentrated in vacuo and the residue is purified by 
flash chromatography to afford 7-butyiaminobenzofuran. 

A solution of the above compound in dimethylformamaide is treated 
with potassium carbonate and N-triphenylmethyl-5-[2-(4'-bromomethyl- 
biphenyl)]tetra20le. prepared as described by P.E. Aldrich, etal., in 
European Patent Application Number 291969. Stirring is continued at 
ambient temperature until the reaction is judged complete by TLC. The 
reaction is woriced up following the procedure described above to afford 6- 
{N-butyl-N-[(24N-triphenylmethyl-1H-tetra20l-5-yl]biphenyl-4- 
yl)methyl]amino}benzofuran. 

The above compound is deblocked according to the procedure 
described in Example 1G and purified by flash chromatography on silica gel 
to afford the title compound. 

ExamolB ?3 

4-(N-ButVl-N-ff2'-f1H-tetra7nl-5.vnbinhBnvl-4 -vhmethvnamino\.3-msthvl- 

lsoxa?nlnfS /l.h]nvririinR 
A solution of the compound resulting from Example 2A, triethylamine, 
and 4,6-dichloro-3-methylisoxa20lo[5,4-b]pyridine, prepared accorcJing to 
the procedure described in J. Hetero. Chem. 2A, 435 (1977). in 
tetrahydrofuran are stin^d at ambient temperature until the starting amine is 
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consumed. The reaction is worked up according to the procedure 
described In Example 2B and purified by flash chromatography on sifica gel 
to afford 4-{N-butyl-N-[(2*-[N-triphenylmethyl-1 H-tetrazol-5-yl]biphenyl-4- 
yi)methyiJamino}-6-chloro-3-methyl-isoxa20lo[5,4-b]pyridln9. 

A solution of the above compound in dioxane is treated with 
hydrazine hydrate. Stining is continued until the starting material is 
consumed. The reaction mixture is concentrated under reduced pressure 
and toluene is added. This solution is treated with 2 H sodium hydroxide 
solution and air is bubbled into the reaction mixture until the starting 
material is consumed. The organic layer is separated, washed with water, 
dried over calcium chloride and concentrated in vacuo to afford 4-{N-butyl- 
N-[(2'-[N-triphenylmethyl-1H-tetra2ol-5-yl]biphenyl-4-yl)methyl]amlno}-3- 
methyl-isoxa20lo[5,4-b]pyridine. 

The above compound is deblocked according to the procedure 
described in Example 2C to afford the title compound. 

Example 24 

7-(N-Butvl'N-r(2M1H-tetra7nl-5-vnhinhPnvl-/ l-vhmethvl)aminQl-1.3-dioxo-9- 
Dhenvl-1 .^-dlhvdronvrrolora 4-r1nvridine-6-rflrhnxylir artri 
The reaction of n-butyl iodide, potassium carbonate and 7-amino-6- 
ethoxycarfaonyl-1,3-dioxo-2-phBnyl-1,3-dihydropyrrolo(3,4-c]pyridine, 
prepared according to the procedure described in Chem. Pharm. Bull. 2L 
3460 (1983), according to the procedure described in Example 22 affords 
ethyl 7-butyiamino-1 ,3-dioxo-2-phenyl-1 ,3-dihydropyrrolo[3,4-c]pyridine-6- 
carboxylate. 

The above compound is treated with potassium carbonate and N- 
triphenylmethyl-5-[2-(4'-bromomethyl-biphenyl)]tetrazole, prepared as 
described by P.E. Aldrich, etal., in European Patent Application Number 
291969, by the procedure described in Example 22. Wori< up and flash 
chromatography on silica gel affords ethyl 7-{N-butyl-N-[{2'-[N- 
triphenylmethyl-1 H-tetrazol-5-yl]biphenyl-4-yl)methyllamino}-1,3-dioxo-2- 
phenyH,3-dihydropyrrolo[3,4-c]pyridine-6-carboxylate. 
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The above compound is deblocked and hydrolyzed by the procedure 
described in Example 1 G to afford the title compound. 

Fyamnle 25 

9.Methv|.B-ohfinvl-6-/ Kl-htitvl.N.ff2'-T1H-tPtra7ol-5-vnbiDhenvl-4- 
yUmPthyl^aminn^QH-Purine 

liyfimDie 25A 

R.nhtnm-Q.mBthvl-8-nhBnvl-QH-ntirine 
A mixture of trimethyl orthobenzoate (10 mL) and 5-amlno-6-chloro-4- 
methylaminopyrimidlne (1.00 g, 6.3 mmol), prepared according to J. Am. Chem. 
Soc. Za. 490 (1957), was heated for 72 hours at 150 "C. The cooled solution 
was concentrated in vacuo and the residue purified by flash chromatography on 
silica gel eluting with ethyl acetate in hexane to afford the title compound as a 
light yellow solid (980 mg, 64%). 

Kxnmple 25B 

Q.Mfithvl.R.nhenvl.fi.(N .htitvl.Kl.ffg'-rN-trinhftnx/lmathvl.1H.tetrazol-5- 
Vl]hinhftnvl.4-vnmflthvnaminol-9H-Durine 
To the compound resulting from Example 2A (2.5 mmol) dissolved in 
dimethylformamide (3 mL) was added the compound resulting from Example 
25A (600 mg, 2.5 mmol) and 4-methylmorpholine (1 mL). The mixture was 
heated for 27 hours at 65 '*C. During the heating, additional portions of the 
compound resulting from Example 25A (150 mg, 0.6 mmol) were added at 9 
hours and 21 hours. Normal worit up afforded an orange oil which was purified 
by flash chromatography on silica gel eluting with ethyl acetate in hexane. 
Further purification was achieved using flash chromatography eluting with ethyl 
acetate in methylene chloride to afford the title compound as a coloriess 
amorhpous solid (190 mg, 10%). 
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ExamnlP P.^P. 

9-MethYhff-nhpnvi-6./M-h,rtvi.M.fry.ri ^-tf tr ?7ni.«;.vqhip f,^ny| ^ 
vnmethvi]aniinp^gH.nt.qnft 

?! ^'"P"""^ resulting from Example 25B (170 mg. 0.224 mmol) was 
deblocked according to the procedure described in Example lOB with the 
modification that potassium acetate replace potassium carbonate in the 
neutralization step. The cmde product was dissolved in ethyl acetate and 
^Ti^f^ ^^'^"^ *° P"'^"'^ ^'^ «'"^P°""'* 3S a colorless solid (66 mg 
(m 2H). 3.60 (bs. 1H). 3.85 (bs. 1H). 4.20 (s. 3H). 5.03 (bs. 1H). 5. 3 (bs. H) 
8 28 1' Hi ' = ^^'^-^^ 



Examnio 9ff 




ExamnIP 9p,fl| 

M-Benn^lnxvmflthvi.s.^9.hrnT^nn h**"vi^totra^»lft 
5-(2-BromophenylH1HHetra2ole was nitrogen-protected as the 
benzyloxymethyl (BOM) ether by reaction of a solution of the tetrazole in 
anhydrous dimethylformamide with technical grade BOM-chloride and 
anhydrous potassium carbonate. The reaction was complete in less than 
60 minutes and the work up involved filtration through Celite and 
evaporauon of the solvent under reduced pressure. The residue obtained 
was £unfied by chromatography to afford the title product in 70o/o yield as an 
Oil which crystallized on standing. 



Examnip 

a 0 ^' '"^'^ ^"^ /^Propylamine (36.3 

g. 0^60 mol) in methanol (lOO mL) was added 5% platinum on carbon (1.00 
g). This rnixture was shaken in a Parr hydrogenation reactor overnight to 
complete formation of the Schiff base. The reaction was then hydrogenated 
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under 4 atmospheres of hydrogen until the theoretical uptake of hydrogen 
had been consumed. The catalyst was removed by filtration through a 0.45 
m nylon frit and washed with methanol. The filtrate was concentrated under 
reduced pressure and the residue obtained dissolved in ether (500 mL). 
The ether solution was washed with water (2 x 100 mL), 10% sodium 
bicarbonate solution (2 x 100 mL), and water (2 x 100 mL), dried over 
magnesium sulfate, filtered, and concentrated under reduced pressure to 
afford the cmde title compound (121 .34 g). GC-MS showed this material to 
be 98.5% pure product containing 1 .5% of the desbromo compound; the 
yield is 96.93% based on the GC purity of the product obtained. A sample 
of this material was purified by bulb-to-bulb distillation (bath temperature 
130-150 ^C, 0.18 torr). NMR (CDCI3, 300 MHz) d 0.92 (t. J = 7.4 Hz, 
3H), 1 .36 (bs. 1 H). 1 .53 (tq, Ji = J2 = 7.4H2, 2H), 2.57 (t. J = 7.4H2, 2H), 3.74 
(s, 2H). 7.20 (d. J = 9H2, 2H), 7.44 (d. J = 9Hz. 2H). IR (film) 1430. 1060 cm* 
\ MS (DCI/NH3) m/e 228, 230 (M+H)+ 

Example 26C 

4'rfN-ferr-ButylPXYcarbpnYl-N-DrQ8YlamlnQ)m9thynph9nYl boronic acid 
To the compound resulting from Example 26B in methylene chloride 
at 0 ""C was added triethylamine (2 equivalents) and di-ferf-butyl- 
dicari3onate (1.05 equivalents). The cooling bath was removed and the 
mixture allowed to wanm to ambient temperature. The solution was diluted 
with a suitable solvent (ether or hexane), washed with 2 U hydrochloric 
acid» dried over sodium sulfate and concentrated in vacuo. The Boo- 
protected compound was obtained as a colortess oil in quantitative yield 
and was used without further purification. 

Grignard formation was effected by treatment of magnesium (1 .2 
equivalents) in tetrahydrofuran with dibromoethane (0.05 equivlants) 
followed by heating to reflux and then adding a solution of the protected 
compound from above in tetrahydrofuran. The reaction mixture turned 
brown and after 4 hours, most of the metal had been consumed. The 
Grignard reagent was cooled in a dry ice/acetone bath and then transfen^ed 
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via csmnula into a -70 "C solution of trimethyl borate (2.5 equivalents) (~2 
M In tetrahydrofuran). Upon completion of the addition, the cooling bath 
was removed and the mixture allowed to warm to ambient temperature. 
The solution was diluted with ether (4 volumes), washed with 3 H 
hydrochloric acid, ensuring that the aqueous layer was pH 2 or lower. The 
pH was then adjust to 10 by the addition of 1 H sodium hydroxide and the 
ether layer was discarded. The aqueous solution was cooled to 0 "C, 
carefully acidified to pH 2 with 3 H hydrochloric acid and extracted with 
ether. The combined organic extracts were dried over sodium sulfate and 
concentated in vaojoto about 20% of volume whereupon the boronic acid 
crystallizes in 36% yield. 

Example 26D 

N-Ben7Vloxvmethvl.S.fP.rA'. rN.nronvl.N-fPrf- 
bUtVlQXVCartlonvlaminn^mPthv|.hinhftnvl^ltetraynlft 
To palladium tetrakisftriphenylphosphine) (0.05 equivalents) 
dissolved in toluene was added a solution of the compound resulting from 
Example 26A (1 equivalent). After 10 minutes, a 2 M aqueous solution of 
sodium carbonate was added followed by the compound resulting from 
Example 26C dissolved in the minimum amount of ethanol. The two-phase 
mixture was rapidly stirred under reflux for 2.5 hours and then cooled to 
ambient temperature. The solution was diluted with ether and the organic 
phase was dried over sodium sulfate and concentrated in vacuo to afford a 
browri oil. RItration through silica gel eluting with 35% ether in hexanes 
afforded the title compound as a coloriess oil (87%). 

Example 26E 

5-f2-f4'-N-Prnnvhminomethvl-biDhenvmtetra7nlP hvdmnhlnririR 
To the compound resulting from Example 26D (1.00 g, 1.94 mmol) 
dissolved in 1 mL of absolute ethanol at ambient temperature was added a 
solution of anhydrous hydrogen chloride (g) dissolved in ethanol (5 mL, 
1 1.2 M). There was observed an immediate evolution of carbon dioxide 
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Which lasted about 90 minutes; also during this time a heavy white 
precipitate appeared. After 3 hours, the solvent was removed in vacuo and 
the residue triturated with 8 mL of ethyl acetate. The whrte solid was then 
dried in vacuo at 60 «»C to afford the title compound (553 mg, 86%). 

The compounds of the present Invention can be used In 
the form of salts derived from Inorganic or organic acids. Pharmaceutically 
acceptable salts are described in Berge, et al., J. Pharmaceutical Sciences 66 
1 -1 9 (1 977). These salts include but are not limited to the following: 
acetate, adipate. alginate, citrate, ascorbate, aspartate, benzoate, 
benzenesulfonate, bisulfate, borate, butyrate, camphorate, 
camphorsulfonate, citrate, digiuconate, cyclopentanepropionate, 
dodecylsulfate, ethanesulfonate, glucoheptonate, glycerophosphate, 
hemisulfate, heptonate, hexanoate, fumarate, hydrochloride, hydrobromide, 
hydroiodide, 2-hydroxy.ethanesulfonate, lactobionate, lactate, laurate, lauryl 
sulfate, maleate, methanesulfonate, nicotinate, 2-naphthalenesulfonate, oleate, 
oxalate, palmltate, pamoate, pectinate, persuHate, phosphate, 3-phenyl- 
propionate, picrate, pivalate, propionate, stearale, succinate, tartrate, 
thiocyanate, toluenesulfonate (tosylate), undecanoate and valerate. ' 

Examples of adds which can be employed to form pharmaceutically 
acceptable acid addition salts include such Inorganic adds as hydrochloric 
add, sulphuric add and phosphoric acid and such organic adds as oxalic add, 
maleic acid, succinic acid, methanesulfonic add and dtric add. Other salts 
indude salts with alkali metals or alkaline earth metals, such as sodium, 
potassium, caldum or magnesium or with organic bases. The salts can be 
prepared in situ during the final isolation and purification of the compounds of 
fomiula (I), or separately by reacting the free base fundion with a suitable add 
or by reading the acidic fundion with a suitable base. 

The compounds of the present invention are useful for blocking the 
Interaction of angiotensin II with angiotensin II receptors and for treating 
hypertension, edema, renal failure, congestive heart failure, glaucoma, 
psoriasis, benign prostatic hypertrophy, diabetic nephropathy, diabetic 
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retlnopathy, or to prevent atherosclerosis or for treating gastrointestinal 
disorders associated with enhanced contractility and/or motility of intestinal 
smooth muscle or for treating contractile disorders of the utems (including 
premature contractions, dysmenon-hea and the like) or for treating or preventing 
stroke, cerebral vasospasm or cerebral infarction or for treating CNS disorders 
(depression, schizophrenia, anxiety or cognitive disorders (Alzheimer's 
disease, amnesia and senile dementia)) in a human or other mammal. The 
compounds of the invention are also useful for enhancing intimal wound 
closure and for reducing luminal thrombogenicity in a human or other mammal. 

The ability of the compounds of the invention to block the interaction of 
angiotensin II with angiotensin II receptors can be demonstrated as described 
below. 

ANGIOTENSIN II FUNOTIONAI ASSAY: Antagonism of nontmnfr ion of R^hMi 
Aorta 

The protocol reported by A.T Chiu and P.Timmermans (P.C. Wong, etal. 
Hypertension, 13, 489-497 (1989)) was followed with a few modifications. 
Female New Zealand White rabbits weighing 2-5 kg were sedated with carbon 
dioxide and then sacrificed. Main abdominal aortas were removed and placed 
in Krebs-Henselelt buffer at room temperature. 

Krebs-Henseleit huffpr 



Buffer ComDonent 


mM Concentration 


sodium chloride 


119.00 


potassium chloride 


4.70 


potassium dihydrogen phosphate 


1.20 


calcium chloride 


2.50 


sodium bicari3onate 


20.00 


magnesium sulfate 


1.50 


dextrose 


11.00 


EDTA* disodium calcium salt 


0.01 


* EDTA = ethylenediamine tetraacetic acid 
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The buffer contained no cocaine, propanolol or steroid. 

The pH of the buffer was 7.40 at 37**C when saturated with 5% carbon 

dioxide/95% oxygen. 

The tissues were cleaned of extraneous connective tissue, cut into 3 mm 
rings, and suspended within a 10 mL tissue bath. All dilutions of peptide 
preparations were made with 0.3% aqueous BSA. The tissues were primed 
with 55 mM potassium chloride. Tissues were pre-loaded with 1 g of tension. 
Tension was recorded on a model 7 Grass polygraph using FTOS transducers. 
At the end of the equilibrium period, a control cumulative concentration- 
contractile response curve for angiotensin II (A II: 1 X 10-1° - 10-8 1^ was 
obtained. The tissue was washed several times until the baseline was reached. 
Forty five minutes later, test compound (antagonist) was added and the tissue 
was incubated for 30 minutes. The concentration-response curve for A II was 
then repeated in the presence of the test compound. One dose of antagonist 
was tested per tissue only. For single dose shift experiments a dose of 1 milf of 
test compound was used, for a full pA2 experiment multiple doses were used 
depending upon the potency of the antagonist. 

All responses to the control agonist were calculated as a percentage of 
the maximum response. These points in duplicate were plotted and analyzed 
according to standard Schild analysis (H.O. Schild. British J Pharmacology and 
Chemotherapy, 2, 189-206 (1947). The pA2 values calculated for the 
compounds of the invention are shown in Table 1. The pA2 value is the 
negative logarithm of the [A]2 value. [A]2 is the concentration of antagonist 
which necessitates doubling the agonist concentration in order to achieve the 
agonist effect which was measured In the absence of antagonist. 

The pA2 value, therefore Is a measure of the effectiveness of the 
compound as an antagonist. The data in Table 1 show that the compounds of 
the invention are potent antagonists at the angiotensin II receptor. 
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Table 1 : dA9 Values from Isolated Rabbit Aorta Assay 

Example B&a 

2 8.08 

3 8.17 
5 7.92 

10 8.81 

11 7.97 
13 8.14 

Sar.-1 , Thr-8 All (SARILE) 9.02 

The ability of the compounds of the invention to lower blood pressure in 
vivo in renai artery iigated rats can be demonstrated according to the method 
disclosed by Cangiano, et al., J. Pharmacol. Exp. Ther. 203 310 (1979)). 

The total daily dose of the compounds of this invention administered to a 
human or other mammal in single or in divided doses can be in amounts, for 
example, from 0.01 to 25 mg/l<g body weight or more usually from 0.1 to 15 
mg/kg body weight. Single dose compositions can contain such amounts or 
submultiples thereof to make up the daily dose. In general, treatment regimens 
according to the present invention comprise administration to a patient in need 
of such treatment from about 10 mg to about 1000 mg of the compound(s) of this 
invention per day in multiple doses or in a single dose of from 10 mg to 1000 
mg. 

It will be understood, however, that the total dally usage of the 
compounds and compositions of the present invention will be decided by the 
attending physician within the scope of sound medical judgement. The specific 
therapeutically effective dose level for any particular patient will depend upon a 
variety of factors including the disorder being treated and the severity of the 
disorder; activity of the specific compound employed; the spedfic composition 
employed; the age, body weight, general health, sex and diet of the patient; the 
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time of administration, route of administration, and rate of excretion of the 
specific compound employed; the duration of the treatment; drugs used in 
combination or coincidental with the specific compound employed; and like 
factors well known in the medical arts* 

The compounds of the present invention can be administered orally, 
parenterally, by inhalation spray, rectally, or topically in dosage unit 
formulations containing conventional nontoxic pharmaceutically acceptable 
carriers, adjuvants, and vehicles as desired. Topical administration can also 
involve the use of transdermal administration such as transdermal patches. The 
term parenteral as used herein includes subcutaneous injections, intravenous, 
intramuscular, intrasternal injection, or infusion techniques. 

Liquid dosage forms for oral administration can include pharmaceutically 
acceptable emulsions, micro E mulsions, solutions, suspensions, syrups and 
elixirs containing inert diluents commonly used in the art such as water. Such 
compositions can also comprise adjuvants, such as wetting agents; emulsifying 
and suspending agents; sweetening, flavoring and perfuming agents. 

Injectable preparations, for example, sterile injectable aqueous or 
oleaginous suspensions can be formulated according to the known art using 
suitable dispersing or wetting agents and suspending agents. The sterile 
injectable preparation can also be a sterile injectable solution, suspension or 
emulsion in a nontoxic parenterally acceptable diluent or solvent, for example, 
as a solution in 1 ,3-butanediol. Among the acceptable vehicles and solvents 
that can be employed are water, Ringer's solution, U.SP. and Isotonic sodium 
chlojide solution. In addition, sterile, fixed oils are conventionally employed as 
a solvent or suspending medium. For this purpose any bland fixed oil can be 
employed including synthetic mono- or diglycerides. In addition, fatty acids 
such as oleic add are used In the preparation of injectables. 

The injectable formulation can be sterilized, for example, by filtration 
through a bacteria-retaining filter, or by incorporating sterilizing agents in the 
form of sterile solid compositions which can be dissolved or dispersed in sterile 
water or other sterile injectable medium just prior to use. 
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In order to prolong the effect of a drug, it is often desirable to slow the 
absorption of a drug from subcutaneous or intramuscular injection. The most 
common way to accomplish this is to inject a suspension of crystalline or 
amorphous material with poor water solubility The rate of absorption of the drug 
becomes dependent on the rate of dissolution of the drug which is, in tum, 
dependent on the physical state of the drug, for example, the crystal size and 
the crystalline form. Another approach to delaying absorption of a drug is to 
administer the drug as a solution or suspension in oil. Injectable depot forms 
can also be made by forming microcapsule matrices of dmgs and 
biodegradable polymers such as polylactide-polyglycolide. Depending on the 
ratio of drug to polymer and the composition of the polymer, the rate of drug 
release can be controlled. Examples of other biodegradable polymers include 
poly-orthoesters and potyanhydrides. The depot injectables can also be made 
by entrapping the drug in liposomes or microemulsions which are compatible 
with body tissues. 

Suppositories for rectal administration of the dmg can be prepared by 
mixing the drug with a suitable nonirritating exdpient such as cocoa butter and 
polyethylene glycol which are solid at ordinary temperature but liquid at the 
rectal temperature and will therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration can Include capsules, tablets, 
pills, powders, prills and granules. In such solid dosage forms the active 
compound can be admixed with at least one inert diluent such as sucrose, 
lactose or starch. Such dosage forms can also comprise, as is normal practice, 
additional substances other than inert diluents, e.g., tableting lubricants and 
other tableting aids such as magnesium stearate and microcrystailine 
cellulose. In the case of capsules, tablets and pills, the dosage forms can also 
comprise buffering agents. Tablets and pills can additionally be prepared with 
enteric coatings and other release-controlling coatings. 

Solid compositions of a similar type can also be employed as fillers in 
soft and hard-filled gelatin capsules using such exipients as lactose or milk 
sugar as well as high molecular weight polyethylene glycols and the like. 
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The active compounds can also be in micro-encapsulated form with one 
or more excipients as noted above. The solid dosage forms of tablets, dragees, 
capsules, pills, and granules can be prepared with coatings and shells such as 
enteric coatings and other coatings well known in the pharmaceutical 
formulating art. They can optionally contain opacifying agents and can also be 
of a composition that they release the active ingredient(s) only, or preferably. In 
a certain part of the intestinal tract, optionally in a delayed manner. Examples of 
embedding compositions which can be used include polymeric substances and 
waxes. 

Dosage fornis for topical or transdermal administration of a compound of 
this invention Include ointments, pastes, creams, lotions, gels, powders, 
solutions, sprays, inhalants or patches. The active component is admixed under 
sterile conditions with a pharmaceutically acceptable carrier arid any needed 
preservatives or buffers as can be required. Ophthalmic f onnulations, ear drops, 
eye ointments, powders and solutions are also contemplated as being within 
the scope of this invention. 

The ointments, pastes, creams and gels can contain, in addition to an 
active compound of this invention, excipients such as animal and vegetable 
fats, oils, waxes, paraffins, starch, tragacanth, cellulose derivatives, ^ 
polyethylene glycols, siUcones, bentonrtes, silidc acid, talc and zinc oxide, or 
mixtures thereof. 

Powders and sprays can contain, in addition to the compounds of this 
invention, excipients such as lactose, talc, silicic acid, aluminum hydroxide, 
calcium silicates and polyamide powder, or mixtures of these substances. 
Sprays can additionally contain customary propellants such as 
chlorofluorohydrocarbons. 

Transdermal patches have the added advantage of providing controlled 
delivery of a compound to the body. Such dosage fomis can be made by 
dissolving or dispersing the compound in the proper medium. Absorption 
enhancers can also be used to increase the flux of the compound across the 
skin. The rate can be controlled by either providing a rate controlling membrane 
or by dispersing the compound in a polymer matrix or gel. 
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Some examples of the materials that can serve as pharmaceuticaliy 
acceptable carriers are sugars, such as lactose, glucose and sucrose; starches 
such as com starch and potato starch; cellulose and its derivatives such as 
sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; 
powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter and 
suppository waxes; oils such as peanut oil, cottonseed oil, safflower oil, sesame 
oil, olive oil, com oil and soybean oil; glycols, such as propylene glycol; polyols 
such as glycerin, sorbitol, mannitol and polyethylene glycol; esters such as ethyl 
oleate and ethyl laurate; agar; buffering agents such as magnesium hydroxide 
and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; 
Ringer's solution; ethyl alcohol and phosphate buffer solutions, as well as other 
non-toxic compatible substances used in pharmaceutical formulations. Wetting 
agents, emuisifiers and lubricants such as sodium lauryl sulfate and 
magnesium stearate, as well as coloring agents, releasing agents, coating 
agents, sweetening, flavoring and perfuming agents, preservatives and 
antioxidants can also be present in the composition, according to the judgement 
oftheformulator. 



The compounds of the present invention can be administered alone or in 
combination or In concurrent therapy with other cardiovascular agents 
independently selected from diuretics, adrenergic blocking agents, vasodilators, 
calcium channel blockers, angiotensin converting enzyme (ACE) inhibitors, 
potassium channel activators, antiserotoninergic agents, thromboxane 
synthetase Inhibitors, renin inhibitors and other agents useful for treating (in a 
human or other mammal) hypertension, edema or congestive heart failure. 

Representative diuretics include hydrochlorothiazide, chlorothiazide, 
acetazolamide, amiloride, bumetanide, benzthiazide, ethacrynic acid, 
furosemide, indacrinone, metolazone. spironolactone, triamterene, 
chlorthalidone and the like or a pharmaceuticaliy acceptable salt thereof. 

Representative adrenergic blocking agents include phentolamine, 
phenoxybenzamine, prazosin, terazosin, tolazine, atenolol, metoprolol. nadolol, 
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propranolol, timolol, carteolol and the like or a pharmaceutically acceptable salt 
thereof. 

Representative vasodilators include hydralazine, minoxidil, diazoxide, 
nitroprusside, flosequihan and the like or a pharmaceutically acceptable salt 
thereof. 

Representative calcium channel blockers include amrinone, bencyclane, 
diltiazem, fendiline, fiunarizine, nicardipine, nimodipine, perhexilene, 
verapamil, gallopamil, nifedipine and the like or a pharmaceutically acceptable 
salt thereof. 

Representative ACE inhibitors include captopril, enalapril, lisinopril and 
the like or a phamnaceutically acceptable salt thereof. 

Representative potassium channel activators include pinaddil and the 
like or a pharmaceutically acceptable salt thereof. 

Representative antiserotoninergic agents include ketanserin and the like 
or a pharmaceutically acceptable salt thereof. 

Representative renin inhlbitiors include enalkiren, A-72517, PD-134672 
or Ro 42-5892 and the like or a pharmaceutically acceptable salt thereof. 

Other representative cardiovascular agents include sympatholytic agents 
such as methyldopa, clonidine, guanabenz, reserpine and the like or a 
pharmaceutically acceptable salt thereof. 

The compound of formula i and the other cardiovascular agent can be 
administered at the recommended maximum clinical dosage or at lower doses. 
Dosage levels of the active compounds in the compositions of the invention can 
be varied so as to obtain a desired therapeutic response depending on the 
route of administration, severity of the disease and the response of the patient. 
The combination can be administered as separate compositions or as a single 
dosage form containing both agents. 

The foregoing is merely illustrative of the invention and is not intended to 
limit the invention to the disclosed compounds. Variations and changes which 
are obvious to one skilled in the art are intended to be within the scope and 
nature of the invention which are defined in the appended claims. 
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What is claimed is: 

1 . A compound of the formula: 



D 
I 

E 
I 

G 



wherein 
A Is 

— 0) a covaient bond, 

(ii) -O-. 

(iii) -C(0)-. 
{iv)-CH2-. 

(v)-S-..S(0)-or-S(0)2-: 

E-Gis 

(i) -N(R5)-. 
00 -0-, 




A 




M' 
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(iii) -S-. 

(iv) -N(R5)-CH(R5)-. 

(v) -0-CH(R5)-, 

(vi) .S-CH(R5)-. 

(vii) -C(R5')(R5)-CH(R5)-, 

(viii) -CH{Rs)-C(R5')(R5)-. 
{ix).CH(R5).N(R5)-. 

(x) -CH(R5)-0-. 

(xi) .CH(R5)-S-. 

(xii) -N(R5).N(R5)-, 

(xiii) -C(R5)=C(R5)- or 

(xiv) -CH(R5)-C(R5')(R5)-N(R5)- wherein at each occurrence R5 is 
independently selected from hydrogen, loweralkyi, alkoxy-substituted 
loweralkyi, halo-substituted loweralkyi, carboxy-substituted loweralkyi, 
heteFocyclic-substituted loweralkyi, alkenyl. alkynyl, cycloalkyi or 
cycloalkylalkyi and R5' is hydrogen, halo, hydroxy, carboxy, aikoxy or 
thioalkoxy; 

L, L', M and M' are independently selected from 

(i) hydrogen, 

(ii) loweralkyi, 

(iii) halo-substituted loweralkyi, 

(iv) halo, 

(v) -CN, 

(vi) -N02. 

(vii) -OH, 

(viii) hydroxy-substituted loweralkyi, 

(ix) alkoxy-substituted loweralkyi, 

(x) -NH2. 

(xi) alkylamino, 

(xii) dialkylamino, 

(xiii) -SH. 
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(xiv) aikoxy and 

(xv) thioalkoxy; 

Ri and Ri' are independently selected from 
(!) tetiazolyl, 



m 

HO OH 01 "0 OH 

(ill) 



COOH 
OH 



OH 

(iv) -NH-C{=N(R50a))(R5ia) wherein Rsoa is hydrogen, -CN or-NOa and 

Rsia is hydrogen, loweraikyl, alkylamino, dialkylamino, aikoxy or 
thioalkoxy. 

(v) -NH{R5ib) wherein Rsib is a 5-membered aromatic heterocyclic 

ring wherein the heterocyclic ring contains 1 , 2, 3 or 4 nitrogen atoms 
or 1 nitrogen atom and 1 oxygen atom or 2 nitrogen atoms and 1 
oxygen atom or 1 oxygen atom and 1 sulfur atom and wherein the 5- 
membered heterocyclic ring is unsubstituted or susbstituted with a 
substitutent selected from amino, alkylamino, dialkylamino, hydroxy, 
aikoxy, thioalkoxy, halo, loweraikyl and halo-substituted loweralkyi, 

(vi) -COORe or -CH2COOR6 wherein Re is hydrogen or a carboxy- 
protecting group or 

(vii) -NHS(0)2R7 or -CHzNHStOjzR? or -NHC(0)R7a or 
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-CH2NHC(0)R7a wherein R7 is loweraikyi, halo-substituted 
loweralkyi or -NRTbRyc wherein Ryb and Rye are independently 
selected from hydrogen and toweralkyi and Rya is loweralkyi, halo- 
substituted loweralkyi. amino, alkylamino, dialkyiamino or-COOH; 

(viii) -C(0)NR5oR51 or -CH2C(0)NR5oR51 or -NHC(O)NR50R51 
or -CH2NHC(O)NR50R51 or-NHC(S)NR50R51 or 
-CH2NHC(S)NR5oR51 wherein R50 and R51 are independently 
selected from hydrogen, loweralkyi, hydroxy, aikoxy, hydroxy- 
substituted loweralkyi, alkoxy-substituted loweralkyi, aikoxy- 
substituted aikoxy and -S(O)2R50a wherein Rsoa is toweralkyi or 
aiyl, or R50 and R51 taken together with the nitrogen atom to which 

• they are attached fomi a 5- to 7-membered aliphatic heterocycle; 

(ix) -CH2OR52 wherein R52 is selected from hydrogen, loweraikyi and 
-C{0)R53 wherein R53 is hydrogen, loweralkyi or aryl; 

(X) -CH(OH)R52a or -C(0)R52a wherein Rs2a is loweralkyi, halo- 
substituted loweralkyi, -CF2COOR53a or -CH2COOR53a 
wherein Rssa is hydrogen or a carboxy-protecting group, 
(xii) -CH2NR54R55 wherein R54 is selected from hydrogen, toweralkyi, 
-C(0)R56. -C(0)NR56R57 and -S(0)2R58 wherein R56 is selected 
from hydrogen, loweralkyi and aryl and R58 is selected from lower 
atkyi and halo-substituted loweralkyi and wherein R55 and R57 are 
independently selected from hydrogen, loweralkyi, hydroxy and 
aikoxy; 

(xlii) -SO3H, -OSO3H or -CH2SO3H. 
(xiv) -OPO3H2, -PO3H2 or-CH2P03H2. 
(XV) -SO2NR50R51 or -CH2SO2NR50R51 wherein R50 and R51 
are defined as above and 

(xvi) -C(O)NHSO2R60, -C(O)NHC(O)R60 or -C(O)NHNHSO2R60 wherein 
Rso is loweralkyi, halo-substituted loweralkyi or aryl; 
with the proviso that one of Ri and Ri' is hydrogen, but Ri and Ri' are not both 
hydrogen; 
and 
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DIs 

(i) a bicyclic heterocycle comprising a 6-membered ring fused to a 
5-membered ring, the bicyclic heterocycle confiprising at least one 
heteroatom selected from N. O and S; the 6-membered ring of the bicyclic 
heterocycle comprising 0, 1 , 2 or 3 nitrogen atoms or 1 nitrogen atom and 1 
oxygen atom or 1 nitrogen atom and 1 sulfur atom or 1 oxygen atom and 1 
sulfur atom or 2 oxygen atoms or 2 sulfur atoms or 1 oxygen atom or 1 sulfur 
atom, the remaining ring atoms being carbon atoms and the 6-membered 
ring comprising 0, 1 , 2 or 3 double bonds; the 5-membered ring of the 
bicyclic heterocycle comprising 0, 1, 2 or 3 nitrogen atoms or 1 nitrogen and 
1 oxygen atom or 1 nitrogen and 1 sulfur atom or 1 oxygen atom and 1 sulfur 
atom or 1 sulfur atom or 1 oxygen atom, the remaining ring atoms being 
carbon atoms and the 5-membered ring comprising 0, 1 or 2 double bonds; 
the nitrogen atoms of the bicyclic heterocycle can be substituted with a 
substituent R2 wherein at each occun-ence R2 is independently selected 
from hydrogen, loweralkyl, carboxy-substituted loweraikyi or alkoxycariDonyl- 
substituted loweralkyl; the nitrogen atoms of the bicyclic heterocycle can be 
oxidized; one or two carbon atoms of the bicyclic heterocycle can be 
substituted with an 0x0 (=0) substituent and the sulfur atoms of the bicyclic 
heterocycle can be substituted with one or two 0x0 (=0) substituents; the 
bicyclic heterocycle can be substituted with one, two or three substituents 
independently selected from R3 and R4, R3 being bonded to a carbon atom 
or aj]itrogen atom of the bicyclic heterocycle and R4 being bonded to a 
carbon atom or a nitrogen atom of the bicyclic heterocycle. wherein 

Rais 

(i) hydrogen, 

(ii) loweralkyl, 

(iii) halo, 

(iv) halo-substituted loweralkyl, 

(v) thioalkoxy, 
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(vi) aikoxy-substituted ioweralkyi, 

(vii) thioalkoxy-substituted ioweralkyi, 

(viii) aryi, 

(ix) arylalkyi, 

(x) -N02. 

(xi) -COORs wherein Rs is hydrogen or a carboxy-protecting group. 

(xii) -ORg wherein R9 is hydrogen, Ioweralkyi, halo-substituted 
Ioweralkyi, aryl, aiylalkyl, heterocyclic-substituted ioweralkyi or 
-C(0)Rio wherein Rio is Ioweralkyi, halo- substituted Ioweralkyi, 
•PO3H2 or-NRiiRi2 wherein Rn and R12 are independently selected 
from hydrogen and ioweralkyi and 

{xiii)-NRi3Ri4or -CH2NR13R14 wherein Ri 3 and Ri 4 are 
independently selected from (1) hydrogen. (2) lower 
alkyi, (3) arylalkyi. (4) -C(0)Ri5, (5) -S{0)2Ri5 wherein R15 is 
Ioweralkyi or halo- substituted ioweralkyi and 
(6) -R16-R17 wherein Rie is ail^lene and R17 is 

(a) -NR18R19 wherein R18 and R19 are independently 
selected from hydrogen and ioweralkyi or 

(b) unsubstituted or Ioweralkyi substituted aziridinyl. 
azetldinyl. pyn-olidinyl. piperidinyi, piperazinyl, 
morpholinyl, thiomorpholinyl, pyridinyl or pyrimidinyl, 

or Ri 3 and Ri 4 taken together with the nitrogen atom to 
which they are attached form a 5- to 7-membered aliphatic 
heterocycle and 

R4 is 

(i) hydrogen, 

(ii) Ioweralkyi, 

(iii) halo-substituted Ioweralkyi. 
{iv).CN. 

{v)-N02. 
(vi) -NH2. 
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(vii) -NH-C(=N(R25a))(R26a) wherein R25a is hydrogen. -CN or-N02 and 
R26a is hydrogen, loweralkyi, aikyiamino* di'alkylamino, alkoxy or 
thtoalkoxy, 

(viii) -NH(R26b) wherein Rasb is a 5-membered aromatic heterocyclic 
ring wherein the heterocyclic ring contains 1 . 2, 3 or 4 nitrogen atoms 
or 1 nitrogen atom and 1 oxygen atom or 2 nitrogen atoms and 1 
oxygen atom or 1 oxygen atom and 1 sulfur atom and wherein the 5- 
membered heterocyclic ring is unsubstituted or susbstituted with a 
substitutent selected from amino, alkylamino, dialkylamino, hydroxy, 
alkoxy, thioalkoxy, halo, loweralkyi and halo-substituted toweralkyi, 

(ix) -CHOor-CH(=N-OH), 

(x) tetrazoiyi, 

(xi) -NHS(O)2R20 or -CH2NHS(O)2R20 or -NHC(0)R21 or 
-N(OH)C(0)R2ior-CH2NHC(0)R2l or-CH2N(OH)C(0)R21 wherein 
R20 is loweralkyi, halo- substituted loweralkyi or •NR27aR27b wherein 
R27a and R27b are independently selected from hydrogen. -OH and 
.loweralkyi and R21 is loweralkyi, halo-substituted loweralkyi, amino, 
alkylamino, dialkylamino or -COOH, 

(xii) -CH(0H)R22 or -C(0)R22 wherein R22 is loweralkyi, halo- 
substituted loweralkyi, -CF2COOR23 or-CH2COOR23 
wherein R23 is hydrogen or a carboxy-protecting group, 

(xiii) -COOR24 or -CH2COOR24 wherein R24 is hydrogen or a 
carboxy-protecting group, 

(xiv) -C(0)NR25R2B or -CH2C(0)NR25R26 or -NHC(0)NR25R26 
or -CH2NHC(0)NR25R26 or .NHC{S)NR25R26 

or -CH2NHC(S)NR25R26 wherein R25 and R26 are 

independently selected from hydrogen, loweralkyi, 

hydroxy, alkoxy, hydroxy-substituted loweralkyi, 

alkoxy-substituted loweralkyi. alkoxy-substituted 

alkoxy and -S(0)2R2Ba wherein R28a is loweralkyi or aryl, or R25 and 

R26 taken together with the nitrogen atom to which they are attached 

form a 5- to 7- membered aliphatic heterocycle; 
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(XV) -CH2OR27 wherein R27 is selected from hydrogen, 
loweralkyl and -C(0)R28 wherein R28 is hydrogen, 
loweralkyi or aryl; 

(xvi) -CH2NR29R30 wherein R29 is selected from hydrogen, 
loweralkyl. -C(0)R3i , -C{0)NR3i R32 and -S(0)2R33 
wherein R31 is selected from hydrogen, lowerall^i and 
aryl and R33 is selected from loweralkyl and halo- 
substituted loweralkyl and wherein R30 and R32 are 
independently selected from hydrogen, loweralkyi, 
hydroxy and aikoxy; 

(xvii) -SO3H. -OSO3H or-CHgSOsH. 
(xvili) -OPO3H. -PO3H2 or-CH2P03H2. 

(xix) -SO2NR25R26 or -CH2SO2NR25R26 wherein R25 and R2B 

.are defined as above and 
(XX) -C(0)NHS02R59, -C(0)NHC(0)R59 or -C(0)NHNHS02R59 

wherein Rsg is loweralkyl, halo-substituted loweralkyl or 

aiyl; 

orDis 

(ii) a bicyclic heterocycle comprising a 5-membered ring fused to a 
5-membered ring, the bicyclic heterocycle comprising at least one 
heteroatom selected from N, O and S; each of the 5-membered rings of the 
bicyclic heterocycle independently comprising 0, 1, 2 or 3 nitrogen atoms or 
1 nitrogen and 1 oxygen atom or 1 nitrogen and 1 sulfur atom or 1 oxygen 
atom and 1 sulfur atom or 1 sulfur atom or 1 oxygen atom, the remaining ring 
atoms being carbon atoms and each of the 5-membered rings 
independently comprising 0, 1 or 2 double bonds; the nitrogen atoms of the 
bicyclic heterocycle can be substituted with a substituent R2 wherein at each 
occurrence R2 is independently selected from hydrogen, loweralkyl. 
carboxy-substituted loweralkyl or alkoxycarbonyl-substituted loweralkyl; the 
nitrogen atoms of the bicyclic heterocycle can be oxidized; one or two 
carbon atoms of the bicyclic heterocycle can be substituted with an 0x0 (=0) 
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substituent and the sulfur atoms of the bicyclic heterocycle can be 
substituted with one or two oxo (=0) substituents; the bicyciic heterocycle 
can be substituted with one or two substituents independently selected from 
R3 and R4, R3 being bonded to a carbon atom or a nitrogen atom of the 
bicyclic heterocycle and R4 being bonded to a carbon atom or a nitrogen 
atom of the bicyclic heterocycle, wherein R3 and R4 are defined as above; 



wherein R3 and R4 are defined as above; 

or a pharmaceutically acceptable salt or prodrug thereof. 

2. The compound of Claim 1 wherein A is a covalent bond, L, L'. M, M' 
and Ri' are hydrogen. -G-E- is -CH2-N(R5)- and D Is a substituted purinyl group. 



orOis 



(Hi) 




o 



r 
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3. A compound of the formula: 

D 

I 

E 



I 

G 




wherein 



(i) a covalent bond, 

(ii) -0-, 

(iii) -C(O)-. 

(iv) -CH2-. 

(v) -S-, -S(0)- or-S(0)2-; 

E-Gis 

(i) -N(R5)-. 

(ii) -0-. 
(ill) -S-. 

(iv) -N{R5).CH(R5)., 

(v) -0-CH(R5)-. 

(vi) -S-CH(R5)., 

(Vii) -C(R5')(R5).CH(R5).. 
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(viii)-CH(R5)-C(R5')(R5)-. 
{ix)-CH(R5)-N(R5)-. 

(x) -CH(R5)-0-. 

(xi) -CH(R5)-S-. 

(xii) -N(R5)-N(R5)-, 
(xiil) -C(R5)=C(R5)- or 

(xiv) -CH(R5).C{R5')(R5)-N(R5)- wherein at each occurrence R5 is 
independently selected from hydrogen, loweralkyi, aiicoxy-substituted 
loweralicyl, halo-substituted loweralkyi, carboxy-substituted lowerall^l, 
heterocycllc-substrtuted loweralkyi, alkenyl, all^nyl, cycloalkyi or 
cycioalkylalkyi and Rs* is hydrogen, halo, hydroxy, carfaoxy, alkoxy or 
thioalkoxy; 

L, L*, M and M' are independently selected from 

(i) hydrogen, 

(ii) loweralkyi. 

(ill) halo-substituted loweralkyi, 
(Iv) halo, 

(v) -CN, 

(vi) -N02. 

(vii) -OH. 

(viii) hydroxy-substituted loweralkyi, 

(ix) aikoxy-substituted loweralkyi. 

(x) -NH2. 

(xi) alkylamino, 

(xii) dialkylamino, 

(xiii) -SH, 

(xiv) alkoxy and 

(xv) thioalkoxy; 

Ri and Ri' are independently selected fnam 
(i) tetrazolyl, 
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(ii) 



/ \ i y 




(iv) -NH-C(=N{R50a))(R5ia} wherein Rsoa is hydrogen, -CN or-NOa and 
Rsia is hydrogen, loweralkyl, alkylamino, dialkyiamino, alkoxy or 
thioalkoxy, 

(v) -NH(R5ib) wherein Rsib is a 5-membered aromatic heterocyclic 

ring wherein the heterocyclic ring contains 1 , 2, 3 or 4 nitrogen atoms 
or 1 nitrogen atom and 1 oxygen atom or 2 nitrogen atoms,and 1 
oxygen atom or 1 oxygen atom and 1 sulfur atom and wherein the 5- 
membered heterocyclic ring is unsubstituted orsusbstituted with a 
substitutent selected from amino, alkylamino,. dialkyiamino, hydroxy, 
alkoxy, thioalkoxy, halo, loweralkyl and halo-substituted loweralkyl, 
• (vi) -COORe or -CH2COOR6 wherein Re is hydrogen or a cartDOxy- 
protecting group or 

(vil) -NHS(0)2R7 or -CH2NHS(0)2R7 or -NHC(0)R7a or 

-CH2NHC(0)R7a wherein R7 is loweralkyl, halo-substituted 
loweralkyl or -NRTbRyc wherein Ryb and Rye are independently 
selected from hydrogen and loweralkyl and Hja is loweralkyl, halo- 
substituted loweralkyl, amino, alkylamino. dialkyiamino or -COOH; 

(viii) -C(O)NR50R51 or-CH2C(0)NR5oR51 or-NHC(0)NR5oR51 
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or -CHzNHCCONRsoRSI or-NHC(S)NR50R51 or 
-CH2NHC(S)NR5oR5i v;herein R50 and R51 are independently 
selected from hydrogen, loweralkyi, hydroxy, alkoxy, hydraxy- 
substituted loweralkyi, aikoxy-substituted loweralkyi, alkoxy- 
substituted alkoxy and -S(O)2R50a wherein Rsoa is toweraikyi or 
aryl, or R50 and R51 taken together with the nitrogen atom to which 
they are attached fonn a 5- to 7-membered aliphatic heterocycle; 

(ix) -CHaORsa wherein R52 is selected from hydrogen, loweralkyi and 
-C(0)R53 wherein R53 is hydrogen, loweralkyi or aryl; 

(x) -CH{OH)R52a or-C(0)R52a wherein Rsaa is loweralkyi, halo- 
substituted loweralkyi, -CFaCOORssa or -CHaCOORsaa 
wherein Rsaa is hydrogen or a carboxy-protecting group, 

(xii) -CH2NR54R55 wherein R54 is selected from hydrogen, loweralkyi, 
-C(0)R56, -C(0)NR56R57 and -S(0)2R58 wherein R56 is selected 
from hydrogen, loweralkyi and aryl and R58 is selected from lower 
alkyi and halo-substituted loweralkyi and wherein R55 and R57 are 
independently selected from hydrogen, loweralkyi, hydroxy and 

alkoxy; 

(xiii) -SO3H, -OSO3H or -CH2SO3H, 

(xiv) -OPO3H2. -PO3H2 or -CH2PO3H2, 

(XV) •SO2NR50R51 or -CH2SO2NR50R51 wherein R50 and R51 

are defined as above and 
(xvi) -C(O)NHSO2R60. -C(O)NHC(O)R60 or -C(O)NHNHSO2R60 wherein 
Reo is loweralkyi, halo-substituted loweralkyi or aryl; 
with the proviso that one of Ri and RV is hydrogen, but Ri and Ri* are not both 
hydrogen; 
and 



(i) a bicyclic heterocycle comprising a 6-membered ring fused to a 
5-membered ring, the bicyclic heterocycle comprising at least one 
heteroatom selected from N, O and S; the 6-membered ring of the bicyclic 
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heterocycle comprising 0, 1 , 2 or 3 nitrogen atoms or 1 nitrogen atom and 1 
oxygen atom or 1 nitrogen atom and 1 sulfur atom or 1 oxygen atom and 1 
sulfur atom or 2 oxygen atoms or 2 sulfur atoms or 1 oxygen atom or 1 sulfur 
atom, the remaining ring atoms being carbon atoms and the 6-membered 
ring comprising 0, 1 , 2 or 3 double bonds; the 5-membered ring of the 
bicyclic heterocycle comprising 0, 1 , 2 or 3 nitrogen atoms or 1 nitrogen and 
1 oxygen atom or 1 nitrogen and 1 sulfur atom or 1 oxygen atom and 1 sulfur 
atom or 1 sulfur atom or 1 oxygen atom, the remaining ring atoms being 
cari3on atoms and the 5-membered ring comprising 0, 1 or 2 double bonds; 
the nitrogen atoms of the bicyclic heterocycle can be substituted with a 
substituent R2 wherein at each occun^ence R2 is independently selected 
from hydrogen, loweralkyl, carboxy-substituted loweralkyl or alkoxycarisonyl- 
substituted loweralkyl; the nitrogen atoms of the bicyclic heterocycle can be 
oxidized; one or two carbon atoms of the bicyclic heterocycle can be 
substituted with an 0x0 (=0) substituent and the sulfur atoms of the bicyclic 
heterocycle can be substituted with one or two 0x0 (=0) substituents; the 
bicyclic heterocycle can be substituted with one. two or three substituents 
independently selected from R3 and R4, R3 being bonded to a carisori atom 
or a nitrogen atom of the bicyclic heterocycle and R4 being bonded to a 
carbon atom or a nitrogen atom of the bicyclic heterocycle, wherein • 

Rsis 

(i) hydrogen, 

(ii) loweralkyl, 
(ill) halo, 

(iv) halo-substituted loweralkyl, 

(v) thioalkoxy, 

(vi) aikoxy-substituted loweralkyl, 

(vii) thioalkoxy-substituted loweralkyl, 

(viii) aryl. 

(ix) arylalkyl. 
(X) -NO2, 
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(xi) -COORs wherein Rs is hydrogen or a carboxy-protecting group. 

(xii) -ORg wherein Rg is hydrogen, loweralkyi, halo-substituted 
ioweraikyi, aryl, aryialkyi, heterocyclic-substituted loweralkyi or 
-C(0)Rio wherein Rio is loweralkyi, halo* substituted loweralkyi, 
-PO3H2 or-NRiiRi2 wherein Rn and R12 are independently selected 
from hydrogen and loweralkyi and 

(xiii) -NR13R14 or -CH2NR13RU wherein R13 and R14 are 
independently selected from (1) hydrogen, (2) lower 

alkyi, (3) arylalkyi, (4) -C(0)Ri5. (5) -S(0)2Ri5 wherein R15 is 
loweralkyi or halo- substituted loweralkyi and 
(6) -R16-R17 wherein Rie is alkylene and R17 is 

(a) -NRisRig wherein R18 and Rig are independently 
selected from hydrogen and loweralkyi or 

(b) unsubstrtuted or loweralkyi substituted aziridinyl, 
azetidinyl, pyrrolidinyi, piperidinyl, piperazinyl, 
morpholinyl, thiomorpholinyl, pyridinyl or pyrimidinyl, 

or Ri 3 and Ri 4 taken together with the nitrogen atom to 
which they are attached fomi a 5- to 7-membered aliphatic 
heterocycle and 

R4 is 

(!) hydrogen, 

(ii) loweralkyi, 

(iii) halo-substituted loweralkyi, 

(iv) -CN. 

(v) -N02. 
{vi).NH2. 

(vii) -NH-C(=N(R25a))(R26a) wherein R25a is hydrogen, -CN or-N02 and 
R26a is hydrogen, loweralkyi, alkylamino, dialkylamino, alkoxy or 
thioalkoxy, 

(viii) -NH(R26b) wherein R26b is a 5-membered aromatic heterocyclic 
ring wherein the heterocyclic ring contains 1 , 2, 3 or 4 nitrogen atoms 
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or 1 nitrogen atom and 1 oxygen atom or 2 nitrogen atoms and 1 
oxygen atom or 1 oxygen atom and 1 sulfur atom and wherein the 5- 
membered heterocyolic ring is unsubstituted or susbstituted with a 
substitutent selected from amino, aikylamino, dialkylamino, hydroxy, 
alicoxy, thioalkoxy, halo, ioweralkyl and halo-substituted loweralkyi, 

(ix) -CHO or-CH(=N-OH), 

(x) tetrazolyl, 

(xl) -NHS(O)2R20 or -CH2NHS(O)2R20 or -NHC(0)R21 or 
-N(OH)C(0)R2ior-CH2NHC(0)R21 or -CH2N(OH)C(0)R21 wherein 
R20 is Ioweralkyl, halo- substituted Ioweralkyl or -NR27aR27b wherein 
R27a and RaTb are independently selected from hydrogen, -OH and 
ioweralkyl and R21 is Ioweralkyl, haio*substituted Ioweralkyl, amino, 
aikylamino, dialkyjamino or-COOH, 

(xii) -CH{OH)R22 or •C(0)R22 wherein R22 is Ioweralkyl, halo- 
substituted Ioweralkyl, -CF2COOR23 or -CH2COOR23 

• wherein R23 is hydrogen or a carboxy-protecling group, 

(xiii) -COOR24 or -CH2COOR24 wherein R24 is hydrogen or a 
carboxy-protecting group, 

(xiv) -C(0)NR25R26 or -CH2C(0)NR25R26 or -NHC(0)NR25R26 
or -CH2NHC(0)NR25R2B or -NHC(S)NR25R26 

or -CH2NHC(S)NR25R26 wherein R25 and R26 are 

independently selected from hydrogen, Ioweralkyl, 

hydroxy, alkoxy, hydroxy-substituted Ioweralkyl, ' - 

alkoxy-substituted Ioweralkyl, alkoxy-substituted 

alkoxy and -S(0)2R2aa wherein R28a is Ioweralkyl or aryl, or R25 and 

R26 taken together with the nitrogen atom to which they are attached 

form a 5- to 7- membered aliphatic heterocycle; 

(xv) -CH2OR27 wherein R27 is selected from hydrogen, 
Ioweralkyl and -C(0)R28 wherein R28 is hydrogen, 
Ioweralkyl or aryl; 

(xvi) -CH2NR29R30 wherein R29 is selected from hydrogen, 
Ioweralkyl, -C(0)R3l , -C(0)NR31 R32 and -S(0)2R33 
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wherein R31 is selected from hydrogen, ioweralkyi and 
aryl and R33 is selected fron) Ioweralkyi and halo- 
substituted ioweralkyi and wherein R30 and R32 are 
independently selected from hydrogen, Ioweralkyi, 
hydroxy and alkoxy; 

(xvii) -SO3H, -OSO3H or -CH2SO3H, 

(xviii) -OPO3H, -PO3H2 or-CH2P03H2, 

(xix) -SO2NR25R26 or -CH2SO2NR25R26 wherein R25 and R26 
are defined as above and 

(XX) -C(0)NHS02RS9. -C(0)NHC(0)R59 or •C(0)NHNHS02R59 
wherein R59 is Ioweralkyi, halo-substituted Ioweralkyi or 
aryl; 

orDis 
(ii) 




wherein R3 and R4 are defined as above; 

or a pharmaceutically acceptable salt or prodrug thereof. 



4. The compound of Claim 3 wherein A is a covaient bond, L, U, M, M' 
and RV are hydrogen, -G-E- is -CH2-N(R5)- and D is a substituted purinyl group. 
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5. A compound of the formula: 

D 
I 

E 



I 




wherein 



(i) a covaient bond, 
(fi) -0-. 

(iii) -0(0)-. 

(iv) -CH2-. 

(v) -S-. -S(0)- or-S(0)2-: 

E-G is 

(i) -N(R5)-. 

(ii) -0-. 

(iii) -S-, 

(iv) -N(R5)-CH(R5)-. 
(V) -0-CH(R5)-. 

(vi) -S-CH(R5)-. 
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(vii) -C(R5')(R5)-CH(Rs)-, 

(viii) -CH(R5)-C(R5')(R5h 

(ix) .CH(R5)-N(R5K 

(x) -CH{R5)-0-. 

(xi) -CH(R5)'S-, 

(xii) -N(R5)-N(R5)-, 

(xiii) -C{R5)=C(R5)-or 

(xiv) -CH{R5)-C(R5')(R5)-N(R5)- wherein at each occurrence R5 is 
independently selected from hydrogen, ioweralkyl, alkoxy-substituted 
loweralkyi, halo-substituted ioweralkyi, carboxy-substttuted ioweraikyl, 
heterocyclic-substituted ioweralkyi, alkenyl, alkynyl, cycioalkyi or 
cycloalkylalkyi and R5' is hydrogen, halo, hydroxy, carboxy, alkoxy or 
thioalkoxy; 

L, L\ M and M* are independently selected from 

(i) hydrogen, 

(ii) loweralkyi, 

(ill) halo-substituted loweralkyi, 

(iv) halo, 

(v) -CN, 

(vi) -N02. 

(vii) -OH, 

(viii) hydroxy-substituted loweralkyi, 

(ix) alkoxy-substituted loweralkyi, 
(X) -NH2, 

(xi) aikyiamino, 

(xii) dialkylamino, 

(xiii) -SH. 

(xiv) alkoxy and 

(xv) thioalkoxy; 



Ri and Ri' are independently selected from 
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(i) tetrazolyl, 




(iv) -NH-C(=N(R5oa)){R5ia) wherein Rsoa is hydrogen, -CN or-N02 and 

Rsia is hydrogen, loweralkyi, alkylamino, dialkyiamino, alkoxy or 
thioalkoxy, 

(v) -NH(R5ib) wherein Rsib is a S-membered aromatic hetGrocyclic 

ring wherein the heterocyclic ring contains 1 , 2, 3 or 4 nitrogen atoms 
or 1 nitrogen atom and 1 oxygen atom or 2 nitrogen atoms and 1 
oxygen atom or 1 oxygen atom and 1 sulfur atom and wherein the 5- 
membered heterocyclic ring is unsubstituted or susbstituted with a 
substitutent selected from amino, alkylamino, dialkylamino, hydroxy, 
alkoxy, thioalkoxy, halo, loweralkyi and halo-substituted loweralkyi, 

(vi) -COORb or -CH2COOR6 wherein Re is hydrogen or a cartDoxy- 
protecting group or 

(vii) -NHS{0)2R7 or .CH2NHS(0)2R7 or -NHC(0)R7a or 
-CH2NHC(0)R7a wherein R7 is loweralkyi, halo-substituted 
loweralkyi or -NR7bR7c wherein Ryb and Rye are independently 
selected from hydrogen and loweralkyi and R/a is loweralkyi, haio- 
substituted loweralkyi, amino, alkylamino, dialkylamino or -COOH; 
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(vin) -C(O)NR50R51 or-CH2C(O)NR50R51 or .NHC(O)NR50R51 
or -CH2NHC(0)NR5oR51 or -NHC(S)NR50R51 or 
-CH2NHC(S)NR5oR5l wherein R50 and R51 are independently 
selected from hydrogen, loweralkyi, hydroxy, alkoxy, hydroxy- - 
substituted loweralkyi, aikoxy-substituted ioweralkyl, ali«)xy- 
substituted alkoxy and -S(O)2R50a wherein Rsoa is Ioweralkyl or 
aiyl, or R50 and R51 taken together with the nitrogen atom to which 
they are attached form a 5- to 7-membered aliphatic heterocycle; 

(ix) -CH2OR52 wherein R52 is selected from hydrogen, loweralkyl^and 
•C(0)R53 wherein R53 is hydrogen, Ioweralkyl or aryl; 

(x) -CH(0H)Rs2a or-C(0)R52a wherein R52a is loweralkyi, halo- 
substituted loweralkyi, -CF2COOR53a or-CHaCOORssa 
wherein Rsia is hydrogen or a carboxy-protecting group, 

(xii) -CH2NR54R55 wherein R54 is selected from hydrogen, loweralkyi, 
-C(0)R56. -C(0)NR56R57 and -S{0)2R58 wherein R56 is selected 
from hydrogen, loweralkyi and aryl and R58 >s selected from lower 
alkyi and halo-substituted lowerali^l and wherein R55 and R57 are 
independently selected from hydrogen, ioweralkyl, hydroxy and 
alkox^', 

(xili) -SO3H, -OSO3H or-CH2S03H. 

(xiv) -OPO3H2. -PO3H2 or -CH2PO3H2, 

(xv) -SO2NR50R51 or -CH2SO2NR50R51 wherein R50 and R51 
are defined as above and 

(xvi) -C(O)NHSO2R60. -C(O)NHC(O)R60 or .C(O)NHNHSO2R60 wherein 
Reo is loweralkyi. halo-substituted Ioweralkyl or aryl; 

with the proviso that one of Ri and RV is hydrogen, but Ri and Ri' are not both 

hydrogen; 

and 
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wherein R2 Is selected from hydrogen, loweralkyi, carboxy-substltuted 

loweralkyi or alkoxycarbonyl-substituted loweralkyi, 

R3IS 

(i) hydrogen, 

(ii) loweralkyi, 
(ili) halo, 

(iv) halo-substituted loweralkyi. 

(v) thioalkoxy, 

(vi) aikoxy-substltuted loweralkyi, 
(vil) thioalkoxy-substituted loweralkyi, 

(viii) aryl, 

(ix) arylalkyi, 
(X) -NO2. 

(xi) -COORa wherein Rs is hydrogen or a carboxy-protecting group, 
(xil) -OR9 wherein R9 is hydrogen, loweralkyi, halo-substituted 
loweralkyi, aryl, arylalkyi, heterocyclic-substituted loweralkyi or 
-C(0)Rio wherein R10 is loweralkyi. halo- substituted loweralkyi, 
-PO3H2 or-NRiiRi2 wherein Rn and R12 are independently selected 
from hydrogen and loweralkyi and 
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(xiii) -NR13R14 or -CH2NR13R14 wherein R13 and R14 are 
independently selected from (1) hydrogen, (2) lower 
alkyl. (3) arylalkyi, (4) .C(0)Ri5. (5) -S(0)2Ri5 wherein R15 Is 
loweralkyl or halo- substituted loweralkyl and 
(6) -Rie-Ri7 wherein Rie Is allylene and R17 is 

(a) -NR18R19 wherein Ris and R19 are independently 
selected from hydrogen and loweralkyl or 

(b) unsubstituted or loweralkyl substituted aziridinyl. 
azetidlnyl, pyrrolidinyl, piperidlnyl, piperazinyl, 
morpholinyl, thiomorphollnyl, pyrldinyl or pyrimidlnyl, 

or Ri 3 and Ri 4 taken together with the nitrogen atom to 
which they are attached form a 5- to 7-membered aliphatic 
hetero^cle and 

R4 is 

(i) hydrogen, 

(ii) loweralkyl, 

(iii) halo-substituted loweralkyl, 

(iv) -CN. 
{v)-N02. 

(vi) -NH2, 

(vii) -NH-C(=N(R25a))(R26a) wherein R25a is hydrogen, -CN or -NO2 and 
R26a is hydrogen, loweralkyl, alkylamino. dialkylamino, alkoxy or 
thioalkoxy, 

(viii) -NH(R26b) wherein R26b is a 5-membered aromatic heterocyclic 
ring wherein the heterocyclic ring contains 1 , 2, 3 or 4 nitrogen atoms 
or 1 nitrogen atom and 1 oxygen atom or 2 nitrogen atoms and 1 
oxygen atom or 1 oxygen atom and 1 sulfur atom and wherein the 5- 
membered heterocyclic ring is unsubstituted or susbstituted with a 
substitutent selected from amino, alkylamino, diallqriamino, hydroxy, 
alkoxy, thioalkoxy, halo, loweralkyl and halo-substituted loweralkyl, 

(ix) -CHO or-CH(=N-OH). 
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(x) tetrazotyl, 

(xi) -NHS(O)2R20 or -CH2NHS(O)2R20 or -NHC(0)R21 or 
-N(OH)C(0)R2ior-CH2NHC(0)R21 or •CH2N(0H)C(0)R21 wherein 
R20 is ioweralkyi, halo- substituted toweralkyi or-NR27aR27b wherein 
R27a and R27b are independently selected from hydrogen, -OH and 
Ioweralkyi and R2i is Ioweralkyi, halo-substituted Ioweralkyi, amino, 
alkylamino. dialkylamino or -COOH, 

(xii) -CH(OH)R22 or -C(0)R22 wherein R22 is Ioweralkyi, halo- 
substituted ioweralkyi, -CF2COOR23 or -CH2COOR23 
wherein R23 is hydrogen or a carboxy-protecting group, 

(xili) -COOR24 or -CH2COOR24 wherein R24 is hydrogen or a 
carboxy-protecting group, 

(xiv) -C(0)NR25R26 or -CH2C(0)NR25R26 or -NHC(0)NR25R26 
or -CH2NHC(0)NR25R26 or-NHC(S)NR25R26 

or -CH2NHC(S)NR25R26 wherein R25 and R26 are 
independently selected from hydrogen, ioweralkyi, 
hydroxy, alkoxy, hydroxy-substituted Ioweralkyi, 
. alkoxy-substituted ioweralkyi. alkoxy-substituted 
alkoxy and -S(0)2R28a wherein R28a is Ioweralkyi or aryl, or R25 and 
R26 taken together with the nitrogen atom to which they are attached 
forni a 5- to 7- membered aliphatic heterocyde; 

(xv) -CH2OR27 wherein R27 is selected from hydrogen, 
Ioweralkyi and -C(0)R28 wherein R28 is hydrogen. 
Ioweralkyi or aryl; 

(xvi) -CH2NR29R30 wherein R29 is selected from hydrogen, 
Ioweralkyi, -C(0)R3l , -C(0)NR31 R32 and •S(0)2R33 
wherein R31 is selected from hydrogen. Ioweralkyi and 
aryl and R33 is selected from Ioweralkyi and halo- 
substituted Ioweralkyi and wherein R30 and R32 are 
independently selected from hydrogen, ioweralkyi, 

. hydroxy and alkoxy; 

(xvii) -SO3H, -OSO3H or -CH2SO3H, 
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(xviil) -OPO3H. -PO3H2 or •CH2PO3H2. 

(xlx) •SO2NR25R26 or -CH2S02NR2SR26 wherein R25 and R26 

are defined as above and 
(XX) -C(0)NHS02R59. -C(0)NHC{0)R59 or -C(0)NHNHS02R59 

wherein R59 is loweralkyi, halo-substituted loweralkyi or 

aryl; 

or a pharmaceutically acceptable salt or prodrug thereof. 

6. The compound of Claim 5 wherein A is a covalent bond, U L\ Ht 
and Ri' are hydrogen and -G-E- is -CH2-N(R5)-. 

7. A pharmaceuticai composition for blocking the interaction of 
angiotensin II with angiotensin II receptors comprising a pharmaceutically 
acceptable canier and a therapeutically effective amount of a compound of 
Claim 1. 

8. A phirmaceuticai composition for treating hypertension or 
congestive heart failure comprising a pharmaceutically acceptable earner and a 
therapeutically effective amount of a compound of Claim 1. 

9. A method of blocking the interaction of angiotensin II with angiotensin 
II receptors comprising administering to a human or other mammal in need a 
therapeutically effective amount of a compound of Claim 1 . 

10. A method of treating hypertension or heart failure comprising 
administering to a human or other mammal in need a therapeutically effective 
amount of a compound of Claim 1 . 
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